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HEAD INJURY 
A STUDY OF PATIENTS WITH CHRONIC POST-TRAUMATIC COMPLAINTS 
MAJOR W. D. ROSS 


ROYAL CANADIAN ARMY MEDICAL CORPS 


AND 


The resemblance from case to case of certain 
sequelae to injuries of the head has led to a 
tendency to group these symptoms together in 
syndromes and to forget the patient behind them. 
These syndromes have been variously labeled— 
postconcussion syndrome, postcontusional state, 
post-traumatic meningeal headache, post-trau- 
matic circulatory instability and traumatic neu- 
rosis—according to the inferred cause, and 
various rules of thumb have been suggested for 
their handling. In actual fact, there is no such 
thing as “post-traumatic headache” in the ab- 
stract. There are only individual patients com- 
plaining after injury to the head of headache, 
dizziness, fatigue, irritability, “nervousness,” 
impaired efficiency or other mental symptoms. 
In view of the fact that few complaints other 
than these could be made by a person who finds 
himself in an unsatisfactory situation after such 
an injury, it is evident that a superficial uni- 
formity of symptoms may cover a variety of 
physical disorders and disturbances in personal- 
ity. We report here the study, by both physical 
and psychologic methods, of a series of patients 
with such complaints, in an effort to sort out 
the various factors which are associated with 
them. A thorough review of the literature up 
to 1942 has been presented by Denny-Brown.* 
We shall refer to only a few of the recent obser- 
vations elsewhere, together with the data ob- 


MATERIAL AND METHODS 


The material on which our data are based includes 
the results of direct studies by neurologic, psychiatric, 


From the Department of Neurology and Neuro- 
surgery, McGill University, and the Montreal Neuro- 
logical Institute. 

; 1, Denny-Brown, D.: Sequelae of War Head In- 
juries, New England J. Med. 227:771-780 (Nov. 19); 
813-821 (Nov. 26) 1942. 

2. The neurosurgical staff, under Dr. W. Penfield, 
Dr. W. V. Cone and Dr. A. R. Elvidge, carried out 
the surgical procedures; Dr. A. E. Childe made the 
roentgenographic investigations, and Dr. H. H. Jasper, 
the electroencephalographic studies. 
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tained from the study of patients in this clinic. 
physiologic, psychologic and, in some cases, neurosur- 
gical means? on 90 subjects several months or longer 
after an injury to the head, the series including 15 
patienis studied at repeated intervals during recovery 
from such injury, and the results of a follow-up in- 
quiry into the effects of subdural insufflation and other 
methods which were used in this institute in the treat- 
ment of 82 other patients with post-traumatic headache 
or dizziness. The 90 subjects included patients, both 
civilian and military, with and without compensation 
claims, who were referred because of their symptoms, 
and several control patients, some with symptoms and 
some without, who returned for study at our request 
at a time after the injury comparable to that for the 
patients, but who would not otherwise have sought 
medical care. 

The data on these 90 subjects are summarized in 
table 1, of which the main body of this paper is an 
explanation, under the following headings: (1) types 
of headache and controls, (2) previous personality back- 
ground, (3) severity of injury, (4) electroencephalo- 
graphic and pneumoencephalographic ratings, (5) results 
of the Rorschach test, (6) situational factors and (7) 
summary of significant associations and trends. The 
data on the series of 82 patients given insufflation 
treatments are presented in section 8. We shall also 
discuss (9) the vascular responses to posture, and, 
finally, we shall present a concept of (10) mechanisms, 
with implications for management. 


I. TYPES OF HEADACHE AND CONTROLS 


In spite of the superficial uniformity of com- 
plaints already mentioned, it has been our ex- 
perience that a careful inquiry into to what 
the patient means by his complaint, such as 
headache or dizziness, will give a valuable lead 
to the solution of the problem. The kind of 
headache has been particularly useful in this 
respect and has provided a basis for classifica- 
tion into several types. The relative importance 
of physical and psychologic factors in the vari- 
ous types will be discussed later. 

The following types of headache are described : 
(1) localized, (2) hemicranial, (3) occipital, 
(4) bilateral, (5) generalized and (6) bizarre. 
There is shading between these types, and some 
patients will describe a headache which might 
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TaBLE 1—Data on Ninety Patients with Head Injury * 
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Controls: 


ooo |* 


With evidence of organic defects...... 


With some 
With no 


*'The figures in bold face are those which show a significant difference from the rest in the series. 


+ The significance for these figures was established by the combination of two or three groups. 


be classified under either of one of two types, 
but most of the headaches are recognizable as 
conforming to one of the following patterns, 1, 
The pain of localized headache has its onset, or 
is maximal, in one area on one side of the 
head, with a variable amount of extension to 
the rest of that side of the head. The site of 
the pain is usually where the patient was struck, 
but it may be the region of a contrecoup injury, 
It is most frequently frontal or parietal. Some 
patients have almost constant pain, but most 
of them have intermittent bouts, varying from 
several a day to about one a month, usually 
brought on by fatigue or exertion, sometimes by 
damp weather, sometimes by emotional stress 
and frequently by stooping or sudden move- 
ments of the head, and usually relieved by rest. 
We have the impression that many headaches 
of this kind were continuous at first, when the 
pain was more severe, but became less frequent 
as recovery progressed. 2. It may be that the 
hemicranial type is at one end of the localized 
series and is a late development in some cases 
of that form, for our patients with hemicranial 
headache were seen, on an average, longer after 
the injury than were the patients with the local- 
ized type. The hemicranial headache was of 
sudden onset, lasted several hours to two or 
three days and occurred from once a week to 
once a month, on the whole resembling migraine 
headache. 3. Occipital or suboccipital headache 
is bilateral and is sometimes accompanied by 
tenderness at the attachment of the posterior 
muscles of the neck, as though due to tension 
in these muscles. Occipital headache may be 
accompanied by the frontal type, thus shading 
over into the next form. 4. Bilateral headache 
may be frontal, temporal or parietal. There may 
be generalized extension, but the patient de- 
scribes the maximal pain or the onset of the 
attack as in corresponding areas on the two 
sides of the head. 5. In generalized headache 
the pain is “all over” the head, and there is no 
localization. 6. The bizarre type includes the 
feeling of pressure over the vertex, the sensa- 
tion of a “tight band” around the head and the 
pain which wanders from one part of the head 
to another, either according to the patient’s pre- 
senting description or as reported on different 
occasions. Sometimes what has been superfici- 
ally reported as a “headache” has resolved itself 
on closer questioning into a “crackling” feeling 
in the head or some other bizarre sensation and 
we have classified it under this head. 

The incidence of these types of headache in 
our series is shown in table 1, which also im- 
cludes data on patients presenting chiefly symp- 
toms other than headache and on three small 
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gntrol groups. The control patients with head- 
ache were those who returned at our request, 
gnd not because of their symptoms, but who 
had had some headache since their injury. The 
fgures for these patients have been included in 
the distribution according to the type of head- 
ache; so these figures are not included in the 
totals at the foot of the table. Of this small 

p of 22 patients whom we were able to bring 
pack for study, 8 had had headaches but carried 
on with their work, 3 had evidence of frank 
“organic” effects of the injury and only 11 had 
heen completely free from headaches or other 
symptoms after a reasonable period of convales- 
cence. It was difficult to get a larger number 
of symptom-free controls among persons with 
former head injuries, as many either had moved 
away on military duty or, because of their 
freedom from symptoms, were not sufficiently 
interested to cooperate. 


The relation of the other evidence to the 
type of headache will be considered after we 
have explained how each kind of evidence was 
obtained. 


2. THE PREVIOUS PERSONALITY BACKGROUND 


As an assessment of the previous stability of 
the patients and the controls during childhood 
and up to the time of the accident, we employed 
a psychiatric interview planned to obtain certain 
comparable data. This was based on the kind 
of data reported as frequently obtained from 
soldiers who failed to return to duty after a 
neurotic illness* and from many persons ex- 
hibiting neurotic reactions in wartime.* The 
points covered in every interview were as fol- 
lows: (1) family history of nervous or mental 
disease, including neurosis, alcoholism and “sick 
headache”; (2) history of a broken home before 
midadolescence, death of a parent or divorce of, 
or serious quarreling between, parents; (3) 
previous history of nervous symptoms or emo- 
tional breakdown or of a psychosomatic disorder 
occurring in relation to stress; (4) presence of 
childhood fears, such as fear of the dark, re- 
quiring a night light, or night terrors; (5) 
enuresis after the age of 6 years; (6) nail biting 
after the age of 10; (7) tics of more than brief 
duration; (8) stammering; (9) sleep walking 
on more than three occasions; (10) poor school 
record, truancy or attainment of a grade two 
years over the average age; (11) avoidance 
of fights as a boy; (12) avoidance of dangerous 


3. Lewis, A., and Slater, E.: Neurosis in Soldiers: 
Follow-Up Study, Lancet 1:496-498 (April 25) 1942. 

4. Gillespie, R. D.: Psychological Effects of War 
on Citizen and Soldier, New York, W. W. Norton & 
Company, Inc., 1942, p. 251. 


games; (13) excessive reaction to interests, 
wakefulness at night before an exciting event, 
going off food for two or three meals, slight 
diarrhea or exhaustion after such an event; (14) 
light, restless sleep; (15) fainting at the sight 
of blood; (16) a hypochondriacal attitude, in- 
cluding total abstinence from drinking and smok- 
ing if for reasons of health; (17) poor work 
history, frequent changes in jobs or dissatisfied 
attitude toward work, and (18), if the patient 
was in one of the services, inadequate motiva- 
tion, such as reasons other than a desire to 
fight or to do his part. 

It is realized that these items include a mix- 
ture of factors predisposing to instability and of 
actual symptoms of neurosis and that there is 
only empiric justification for their being pre- 
sented together. However, they have proved 
useful even in this unanalyzed way, without any 
attempt to determine their relative value and 
significance. Although their significance in any 
particular case must be considered in the light 
of clinical judgment, we believed that a more 
objective rating was possible if these points were 
used in a purely quantitative way. 

The ratings for an unstable personality back- 
ground, shown in table 1, were obtained by scor- 
ing 0 if none to two of the aforementioned 
eighteen items were present; 1, if three to four 
items were present, and 2, if five or more items 
were positive. Avoidance of fights and danger- 
ous games was not counted in the rating for 
female patients. The numbers in the table op- 
posite each type of headache and each group 
of controls represent the number of patients 
presenting each rating. It will be noted that 
the totals under “unstable personality back- 
ground” do not quite reach 90. This discrep- 
ancy is present to varying degrees for the dif- 
ferent types of evidence because, for one reason 
and another, every type of evidence could not be 
obtained for every subject studied. 

Eight psychoneurotic patients, without head 
injury, were also studied according to the same 
plan of interview and by the same examiner who 
interviewed all the patients data on whom are 
recorded in table 1. Of these patients, 5 gave 
ratings of 2, for the item under discussion, and 
3, ratings of 1. These subjects are too few to 
provide an adequate group of psychoneurotic 
controls, but similar data have frequently been 
reported in the histories of neurotic patients. 
It will be seen from the table that the controls 
with no headache, the controls with organic de- 
fects as a result of the accident and the patients 
with localized headache were low in evidence of 
a previous unstable personality background. 
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The other patients tended to have personality 
backgrounds similar to those of the psycho- 
neurotic patients. 


3. SEVERITY OF INJURY 


Each patient was rated with regard to sever- 
ity of injury on a scale of 0 to 4. Criteria for 
this rating included the duration of post-trau- 
matic amnesia, which has been considered as the 
greatest single prognostic criterion in cases of 
head injury and, when the patient had been 
under observation in a hospital, as had been 
the case with the majority of patients with severe 
injuries, the amount of blood in the spinal fluid, 
the presence of fracture of the skull and the 
presence of neurologic signs. 

A rating of 0, or negligible injury, indicated 
loss of consciousness for less than ten minutes 
and absence of fracture. A rating of 1 indi- 
cated either post-traumatic amnesia for ten to 
thirty minutes or the presence of fracture of the 
skull or of from 100 to 1,000 red cells per cubic 
millimeter in the spinal fluid. A rating of 2 
indicated the presence of any two of the follow- 
ing features: Post-traumatic amnesia for one 
to three hours; fracture of the skull; 1,000 to 
20,000 red cells per cubic millimeter in the 
spinal fluid, and slight neurologic signs. A rat- 
ing of 3 indicated post-traumatic amnesia of 
from three to forty-eight hours’ duration and 
fracture of the skull, a red blood cell count up 
to 100,000 per cubic millimeter or pronounced 
neurologic signs. A rating of 4, or very 
severe injury, indicated the presence of three 
of the following features: post-traumatic am- 
nesia of over forty-eight hours, fracture of the 
skull, a red cell count of over 100,000 per cubic 
millimeter of spinal fluid and pronounced neu- 
rologic signs. 

These criteria are described only as approxi- 
mations, for they were essentially clinical rat- 
ings, which took into consideration possible 
distortions of the post-traumatic amnesia and 
discrepancies in various sources of information 
and other relevant data. They are given not as 
representing sharp lines of differentiation in 
the degrees of injury but as indicating roughly 
the severity of injury. 

‘In table 1 the number of patients with each 
rating is charted in relation to each type of head- 
ache and each control group. It will be seen 
that the patients with organic defects and those 
with localized headache tended to have relatively 
more severe injuries, while patients with hemi- 


5. Jefferson, G.; Cairns, H.; Brain, W. R., and 
Guttmann, L., in Discussion on Rehabilitation After In- 
juries to the Central Nervous System, Proc. Roy. Soc. 
Med. 35:295-308 (Feb.) 1942. 


cranial headache, generalized and bizarre head- 
ache and symptoms other than headache tended 
to have less severe injuries. 


4. ELECTROENCEPHALOGRAPHIC AND PNEUMO. 
ENCEPHALOGRAPHIC RATINGS 


The next sections of table 1 present ratings 
for electroencephalographic and pneumoenceph- 
alographic abnormalities. For 80 patients we had 
the results of electroencephalographic exami- 
nation at some time between three months and 
four years after injury or else a normal electro- 
encephalogram made in less than three months 
after the accident, indicating that the pattern was 
still normal within this period. The mean time 
after injury at which the electroencephalographic 
study was made on each group is indicated in 
the table. For 31 of these patients we also had 
pneumoencephalographic studies. For compari- 
son of the results of these methods of study 
with the other data, we had them rated inde- 
pendently of the clinical information. Dr. Jas- 
per rated the electroencephalographic abnormal- 
ities on a 4 point scale. Dr. Childe rated the 
roentgenographic evidence, using a score of 
0 to 3 for degrees of ventricular dilatation and 
a score of 0 to 2 for degrees of widening of the 
sulci. These two scores were added to give a 
5 point rating, though no patient achieved such 
a score. 

The relation of these ratings to the type of 
headache will be considered in section 7 of this 
paper. 

As in the series reported by Williams,® about 
one-half our patients with chronic symptoms 
showed electroencephalographic abnormalities. 
However, the ratio was found to be the same 
for our control patients as for the patients who 
complained of symptoms. 

Both the electroencephalographic and_ the 
pneumoencephalographic ratings showed a slight 
correlation with the severity of the injury: 
0.264 + 0.085 for 53 electroencephalographic 
ratings made between three months and two 
years after the injury and 0.383 + 0.102 for 31 
pneumoencephalographic ratings. We were not 
able to show a significant correlation between 
the electroencephalographic ratings obtained 
over two years after the injury and the severity 
of the injury, or between the electroencephalo- 
graphic and the pneumoencephalographic ratings. 
However, no patients had a report of electro- 
encephalographic abnormality which was not 
substantiated by pneumoencephalographic evi- 
dence when this was obtained also. In table 2 


6. Williams, D.: The Electroencephalogram in 
Chronic Posttraumatic States, J. Neurol. & Psychiat. 
4:131-146 (April) 1941. 


the pat 
rating 
graphi 
more 
graphi 
pneum 
If the 
determ 
to one 
correla 

The 
enceph 
conser 
ratings 
venien 
dure tl 
indicat 
the ele 
the sta 
injury, 
injury. 
consid 


TABLE | 


Electroer 


Tots 


pensati 
alogray 
should 
jury a 
the in 
might 
itself b 
acciden 
5. 
Psyc 
the Bir 
of digi 
test ® a 
well as 
did not 


7. St 
gence T 
York, C 

8. SI 
Subtract 
(Jan.-M 

9. SI 
venient 
lectual | 
1313-132 


| 


d- 
led 


ROSS-McNAUGHTON—HEAD INJURY 259 


the patients with a high pneumoencephalographic 
rating and a low or negative electroencephalo- 
graphic rating were those tested two years or 
more after the injury, when the electroencephalo- 
graphic abnormality had diminished but the 
pneumoencephalographic abnormality remained. 
If the results of both procedures had been 
determined for more patients from six months 
to one year after injury, a significant positive 
correlation might have been demonstrable. 
The demonstration in table 2 that the electro- 
encephalographic ratings were usually more 
conservative than the pneumoencephalographic 
ratings, together with the relatively greater con- 
venience of the electroencephalographic proce- 
dure than of the pneumoencephalographic method, 
indicates a considerable dégree of usefulness for 
the electroencephalogram in ,the assessment of 
the status of patients with complaints after head 
injury, at least less than two years after the 
injury. When, however, there are medicolegal 
considerations or the question is one of com- 


TaBLeE 2.—Numbers of Cases in Relation to “Organic” 
Ratings 


Pneumoencephalographic 
Rating 


ti 
0 1 2 3 4 Totals 
~ 
0 1 1 3 2 2 9 
. 1 0 2 2 4 0 8 
Electroencephalographic rating { 2 0 1 3 4 0 s 
3 0 1 > 2 0 5 
4 0 0 1 0 0 1 


pensation or pension, neither the electroenceph- 
alographic nor the roentgenographic evidence 
should be used without the severity of the in- 
jury and the constitution of the patient prior to 
the injury being considered. Either method 
might reflect not only the effects of the injury 
itself but a cerebral abnormality antedating the 
accident. 


5. RESULTS OF THE RORSCHACH TEST 


Psychologic tests used in this study included 
the Binet and Snedden word lists,’ the repetition 
of digits, the Kraepelin continuous subtraction 
test * and the Shipley-Hartford retreat test,® as 
well as the Rorschach method. The word lists 
did not differentiate the clinical types. Subjects 


7. Snedden, D. S.: A Study in Disguised Intelli- 
gence Tests, Contributions to Education no. 291, New 
York, Columbia University Teacher’s College, 1927. 

8. Sherman, I. C.: Study of Kraepelin’s Continuous- 
Subtraction Test, J. Abnorm. Psychol. 18:385-388 
(Jan.-March) 1924. 

9. Shipley, W. C., and Burlingame, C. C.: Con- 
venient Self-Administering Scale for Measuring Intel- 
lectual Impairment in Psychotics, Am. J. Psychiat. 97: 
1313-1325 (May) 1941. 


without headache and patients, with various 
types of headache showed mean verbal intelli- 
gence levels corresponding with intelligence 
quotients of about 100. The span of digits and 
the continuous subtraction test gave poor re- 
sults with evidence of severe damage to the brain 
or of severe neurosis but did not appear to 
differentiate between the two conditions. The 
Shipley-Hartford test has been used to indicate 
the presence of subdural hematoma,’ but it ap- 
parently does not measure lesser degrees of 
“organic” impairment, for its results.in our 
series showed no relation to severity of the in- 
jury or to electroencephalographic or pneumo- 
encephalographic evidence of cerebral damage 
except in cases of extreme injury. 

The Rorschach method, on the other hand, 
gave striking results in a comparison of patients 
with head injury and patients with other distur- 
bances, as well as when the test was ‘repeated 
at intervals during recovery from the head in- 
jury. We administered and scored the Ror- 
schach test according to the instructions of 
Klopfer and Kelley ** except that the “testing of 
the limits’ was omitted in order to avoid in- 
validation of repetitive tests during the course 
of recovery. From the Rorschach scores ob- 
tained in this standardized manner certain 
derivatives were obtained, as described else- 
where in detail.‘* These were the ratings for 
“instability,” which were high for psychoneu- 
rotic patients, and of “disability,” which were 
high for patients with cerebral disease. In table 
3 are reviewed the levels of these ratings for 
various groups of subjects, including those with 
post-traumatic headache, psychoneurotic patients, 
with tumor of or damage to the brain and two 
groups of controls, one of superior intelligence, 
with a probable mean intelligence quotient of 
over 120, and one of low average intelligence, 
with a probable mean intelligence quotient of 
about 90. The rating for “instability” was re- 
lated not only to neurotic trends but to intelli- 
gence. It showed a negative correlation with 
the Binet word list (— 0.51 + 0.069), but it 
differentiated two groups of subjects differing 
in evidence of neurotic background, although 
the Binet word list does not do so. The “dis- 
ability” rating showed a negative correlation 
(— 0.46 + 0.074) with the span of digits test, 


10. Abbott, W. D.; Due, F. O., and Nosik, W. A.: 
Subdural Hematoma and Effusion as Result of Blast 
Injuries, J. A. M. A. 121:739-741 (March 6) 1943. 

11. Klopfer, B., and Kelley, D. M.: The Rorschach 
Technique, Yonkers, N. Y., World Book Company, 
1942, p. 448. 

12. Ross, W. D., and Ross, S.: Some Rorschach 


Ratings of Clinical Value, Rorschach Research Ex- 
change 8:1 (Jan.) 1944, 
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but it revealed striking changes in relation to 
head injury which were not brought out by the 
span of digits test except in cases of extreme 
injury. 

Table three shows that within three weeks 
of a severe injury to the head (3 to 4 on our 
scale) the “disability” rating was notably raised, 
while with only slight or moderate injury 
(O to 2) it was not raised more than to the 
mean for neurotic patients while the “instability” 
rating was raised almost to the mean for such 
patients. 

For patients more than one month after head 
injury the mean for the “disability” rating was 


ity of the injury and the stage of recovery from 
injury. “Instability” ratings also tended to be 
higher with electroencephalographic and other 
evidence of changes in the brain, although the 
“disability” rating was about the same one 
month after injury in groups divided on the basis 
of this evidence. 

The changes with recovery from injury, as 
determined by repeated examinations on the 
same patients, are shown in table 5. Patients 
with severe injuries showed high “disability” 
ratings, which manifested recovery with time, 
although for 1 patient (E. G.) there was no 
improvement in the “disability” ratings, and 


Taste 3.—Incidence of Rorschach Ratings 


Patients with “organic” disease of brain..................00+..005 
Healthy persons of superior intelligence................... res 
Royal Canadian Army Medical Corps, 1940...................0.005. 


Patients with post-traumatic headache 
Tests within 3 weeks of head injury: 
Slight or no evidence of cerebral damage (0-2)............. 
Marked evidence of cerebral damage (3-4).................. 
Test more than 1 month after head injury: 


Imstability Disability 
Number 
o Standard Standard 
Patients Mean Error Mean Error 
50 17.9 + 1.53 8.4 +18 
24 8.75 + 2.42 25.1 + 2.69 
50 3.6 + 0.66 11 + 0.75 
50 14.1 + 1.20 7.6 + 1.06 
10 16.4 + 2.85 7.3 + 2.92 
10 7.4 + 2.89 30.7 + 
43 12.1 + 1.24 9.2 + 161 
44 18.4 + 1.61 8.0 + 1.3% 
11 18.7 + 3.95 16.8 + 351 


about that for neurotic patients, regardless of 
the personality background, while the “instabil- 
ity” rating was significantly higher in the pres- 
ence of evidence of a neurotic personality 
background (rating of 1 or 2 on our scale 
for previous personality background) than in 
its absence (rating of 0). No other item, such 
as severity of injury, time after injury, pres- 
ence of an electroencephalographic abnormality 
or a clinical judgment of cerebral damage based 
on an accumulation of the various types of evi- 
dence, showed a significant correlation in the 
entire series of patients with cerebral injury 
more than one month after the accident. 

When only the 43 patients among those 
without a background of previous unstable 
personality were studied for correlation with 
“instability” and “disability” ratings, certain 
suggestive trends were present, as indicated in 
table 4. These trends might prove significant 
in a larger number of patients: a slightly greater 
tendency to “disability” with severe injuries 
than with moderate injuries, and to its appear- 
ance within a period of two years than after 
two years, and an even greater tendency to “in- 
stability” with these two factors, i. e., the sever- 


TABLE 4.—Nonsignificant Trends in Rorschach Ratings 
for Forty-Three Patients Without Previous 
Neurotic Background 


Electro-- 
encephalo- 
Severity Time graphic Evidence 
of After Abnor- of Organic 
Injury Injury mality Changes 
2 
Instability........ 12.1 17.0 14.3 11.0 14.0 161 13.5 15.0 190 
Disability......... 96-118 101 83 87 81 100 86 92 


this patient continued to show clinical evidence 
of severe “organic” intellectual impairment. 
The “instability” ratings for the patients with 
severe injury, however, tended to rise with im- 
provement in the “disability” ratings. The case 
of E. T. is particularly interesting. Of previ- 
ously stable personality, this man had a severe 
contusion and during convalesence passed 
through a phase with symptoms of irritability 
and dizziness, recovering spontaneously in about 
nine months. In relation to this clinical situ- 
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ation, table 5 reveals a falling “disability” rating 
with a rising “instability” rating, which reached 
a neurotic level while he had these symptoms 
and returned to normal when he was “himself” 
again. There was no compensation factor in 
this case. ; 

The patients with less: severe injury showed 
less evidence of “disability” and more immediate 
elevation of the “instability” rating, followed 
by a subsequent fall in some cases, but not in 
others. 


Although it is necessary to make interpola- 
tions in the far from complete evidence which 
we have obtained, it appears that head injuries 
are followed by features detectable by the Ror- 
schach method, at first of a variable degree of 
“disability,” similar to that associated with cere- 
bral disease and then by a degree of “instability” 


6. SITUATIONAL FACTORS 


Each patient was considered for the presence 
of factors in his life situation at the time of or 
after the accident which might have contributed 
to the presence or aggravation of symptoms by 
providing either a mental conflict producing ten- 
sion or a secondary gain to be obtained as a 
result of symptoms. The distributions of the 
situational factors has been summarized in the 
last section of table 1 according to each type of 
headache and the types of control. 

The columns in this section of the table may 
be summarized as follows: 1. Apparently, no 
contributing situational factors. 

2. Workmen’s Compensation payments. This 
column was divided into (4) factors not ap- 
pearing to contribute to the symptoms, accord- 
ing to our understanding of the case, and (B) 


Tas_e 5.—Serial Rorschach Ratings Following Injury to the Head for Fifteen Patients * 


Instability 


“Less 
Than 2Wk.- 14 
2Wk. 1Mo. Mo. 


After minor to moderate injury 


Disability 
Less 
7Mo.- 1-2 Over Than 2Wk. 16 7Mo. 1-2 #£=Owver 
1 Yr. Yr. 2Y¥r. 2Wk. 1Mo. Mo. i1Y¥r. Ye. 8 
7 ee oe 41 21 4 ee 
20 ae 13 0 
22 = oe ee 34 27 17 oe 
42 ée ee 
7 oe ee ee 49 41 45 ob 
‘ 24 ee 31 os 17 
21 18 ee —1 
33 36 es 10 6 
8 21 36 19 
30 13 as 
os 7 10 2 es 
18 7 
39 2 oe —1 
oe —3 ee 2 oe ee ee 
3 10 ee pis oe ee 2 2 


* Periods indicated in the column heads are those at which the ratings were determined. 


similar to that for psychoneurotic patients. The 
degree of “instability” may be related slightly 
to the severity of injury and the amount of cere- 
bral damage, but it is much more closely related 
to the previous personality background. It 
appears that “the fault, dear Brutus, is not in 
our stars, but in ourselves!” Whether the in- 
creased “instability” is a direct result of cere- 
bral trauma, or whether it has an indirect cause, 
in the personal problems encountered by the 
victim of such trauma, we do not think our evi- 
dence is sufficient to show. We hope that either 
Nature or the hand of war will yet provide us 
with a subject or subjects on whom a Rorschach 
test has been made before head injury, with an 
opportunity to repeat such tests at intervals dur- 
ing recovery! 

The relation of the “instability” and “dis- 
ability” scores to the type of headache will be 
considered in section 7. 


factors appearing to play a part, at least in the 
aggravation of complaints. 

3. Military services, in the Army, Navy, Air 
Force or Merchant Marine, which presented a 
mixed situation of unpleasant duties and prob- 
able danger, and in the first three services, 
possible pension. 


4. Draft. The patients were facing a call 
for military training. 

5. Legal factors. A lawsuit concerning the 
accident was pending. 

6. Individual problems. Although none of 
the general situations often associated with ac- 
cidents were present, an individual problem 
might be related to the symptoms. 

Many of the patients with situational factors 
related to compensation and service also had 
personal problems, but the cases were tabulated 
in the column only for the general factor. Two 
patients whose cases involved two of the gen- 
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eral factors, i. e., eligibility for compensation and 
draft into the army, were given halfscores in 
each of the pertinent columns. 

The individual personal difficulties which were 
discovered involved a wide variety of human 
hopes and fears. One man had had a marriage 
proposal spurned by the one woman he had 
ever dared to take out, and this occurred just 
previous to his accident. One woman had pent- 
up resentment against her husband for taking 
in boarders, which involved more work for her. 
She acquired a headache which she blamed 
on a minor injury six months previously, for 
which her husband had been accidentally re- 
sponsible. Another woman was worried about 
her relatives in Russia. These situations were 
probably only contributory to more basic person- 
ality difficulities, but a full understanding of each 
case appeared to involve the relation of the pre- 
vious personality background, the effects of the 
accident and the life situation after the accident. 

It will be seen in table 1 that individual prob- 
lems alone rank third among the situational 
factors presented by the patients, with Work- 
men’s Compensation payments coming first and 
service of a military nature second. The dif- 
ferences between the patients and the controls 
and between various groups of patients will be 
discussed in section 7. This situational factor 
must, of course, always be interpreted in rela- 
tion to the whole physical and personal condi- 
tion of the patient, but by treating it as a statis- 
tical item, sought in both patients and controls, 
we have hoped to avoid the subjective biases of 
interpretation. 


7. SIGNIFICANT ASSOCIATIONS AND TRENDS 


On the basis of table 1, comparisons can be 
made both of the patients and the control sub- 
jects and of the patients with various types of 
headache and the three types of control subjects. 

After the data for the 8 control patients who 
had some headache but did not present them- 
selves because of their symptoms are removed 
from the total body of data for patients pre- 
senting headaches of various types and from 
the data for patients with other symptoms, we 
may compare the results for the 68 patients 
seeking medical care for symptoms after” head 
injury and our control group of 22 persons who 
returned for study at our request. The 
only types of evidence which differ significantly 
in these two main groups are the severity of 
injury and the situational factors. 

The evidence for severity of injury is signifi- 
cantly greater (X? — 3.95) for the control sub- 
jects than for the patients. There are two 
reasons for this. Our control subjects included 


3 with very severe injuries and persisting ney- 
rologic defects who were selected purposely to 
provide at least a small control group repre- 
senting severe trauma. In addition, almost all 
our control patients were persons whose injury 
had been of sufficient severity to warrant admis- 
sion to the Montreal Neurological Institute, 
whereas a fair proportion of the patients had not 
been hospitalized at the time of their injury, 
The only importance of this difference to us 
is that it illustrates that the control group did 
not, at any rate, suffer less trauma than did the 
patients. 

It appears of greater importance, however, 
that, whereas the patients and the controls did 
not differ significantly with respect to previous 
personality background, electroencephalographic 
patterns or Rorschach ratings, they did differ 
strikingly in the incidence of discoverable situ- 
ational factors. All the control subjects taken 
together had a low rating (X* = 29.7, which 


TABLE 6.—Age Distribution of Patients Admitted to 
the Montreal Neurological Institute 
from 1938 to 1942 


Below 18-50 Yr. Over 

Complaint 18 Yr. of Age 50 Yr. 
Post-traumatic headache..:....... 6 91 10 
Acute head injuries................ 257 374 126 


is highly significant) for these factors as com- 
pared with the patients who sought medical care. 
Although we aimed at an unselected control 
group with regard to these factors, this differ- 
ence may be exaggerated because of the diffi- 
culty of getting controls to return who were 
in the armed forces or were busy in war indus- 
try. Again, there might be some distortion as 
a result of a greater willingness of the patients 
seeking help to discuss their problems. Never- 
theless, this difference does suggest that the 
complaint of post-traumatic symptoms is often 
related to the patient’s life situation, although 
he might have symptoms without complaining 
of them if his situation is satisfactory or if 
there is no gain in complaining. This is in 
accord with Brain’s® report of a greater fre- 
quency of complaints among patients after in- 
dustrial accidents than among those after road 
accidents. 


In this connection it is of interest that post- 
traumatic headache and dizziness are rare com- 
plaints in children. In the few cases we have 
encountered the complaint was made by the 
mother, and the connection of the headache with 
the injury was extremely dubious. At Dr. 
Cone’s suggestion, we sought evidence on the 
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frequency of post-traumatic headache as com- 
pared with the incidence of head injuries in chil- 
dren. This is presented in table 6 on the basis 
of the number of admissions of patients of differ- 
ent age groups to the Montreal Neurological 
Institute over a five year period. The ratio of 
the incidence of patients with post-traumatic 
headache to patients with head injury is signifi- 
cantly greater in the 18 to 50 year old group 
than in the group under 18 years of age (X? = 
43.4). 

Of the figures for patients with the different 
types of headache and for the controls, given in 
table 1, those which differ significantly from the 
rest of the series are in bold face, or are marked 
with a dagger when the significance is established 
by the combination of two or three groups. 
They may be summarized as follows: The 
ratings for unstable personality background are 
low for patients with localized headaches (X ? = 
11.4) and for controls without headache 
(X ? = 4.3) and are high for patients with gen- 
eralized and bizarre headaches taken together 
(X? — 10.08) and for patients with symptoms 
other than headache (X * = 5.74); the ratings 
for severity of injury were high for controls with 
organic defects (X ? 7.4); electroencephalo- 
graphic ratings were high for patients with 
localized headaches (X * = 10.02) and for con- 
trols with organic defects (X ? = 8.89), and the 
Rorschach “disability” ratings were high for 
patients with localized headache (t = 2.5) and 
low for patients with hemicranial headache 
(t = 2.7). 

Apart from these statistically significant asso- 
ciations between each condition and each type 
of evidence, there are trends in the various types 
of evidence which corroborate each other and 
which suggest that in a greater number of cases 
further associations could be established. 

The patients with localized headaches not only 
had low ratings for an unstable personality back- 
ground and high electroencephalographic and 
Rorschach “disability” ratings, but tended to 
have high ratings for the severity of injury and 
the pneumoencephalographic changes and some- 
what low ratings for Rorschach “instability” as 
compared with patients with other types of head- 
ache. This much of the evidence tends to sub- 
Stantiate Penfield’s ** criticism of “an unmerited 
diagnosis of traumatic neurosis” for patients with 
localized headache, which he described as indi- 
cating a meningeal mechanism. With respect to 
situational factors, however, the patients with 


13. Penfield, W.: Chronic Meningeal (Posttrau- 
matic) Headache and Its Specific Treatment by Lum- 
bar Air Insufflation: Encephalography, Surg., Gynec. 
& Obst. 45:747-759 (Dec.) 1927. 


localized headaches tended actually to rate higher 
than the other groups, if one includes all patients 
with compensation claims in order to avoid a 
bias in deciding when the compensation factor 
is relevant. This difference is not significant 
statistically, but it indicates that even the local- 
ized headache is not uninfluenced by the life situa- 
tion of the sufferer. This fact may account for 
the inability of some authors ** to separate pa- 
tients with localized headache from patients with 
other types of headache which are influenced by 
personal factors. Patients with localized head- 
ache appear prior to injury to have been of a 
type superior to the patients in the other groups, 
to have suffered a more severe injury, to have 
more persisting electroencephalographic and 
pneumoencephalographic changes, to have lower 
Rorschach “instability” ratings but higher “dis- 
ability” ratings, at least within several months 
of the injury, and to share with the other patients 
a relation of their symptoms to their personal 
setting. 


The following case is representative of this group 
of patients: W. M., a 26 year old corporal in the 
Royal Canadian Air Force, had been admitted to the 
Montreal Neurological Institute in 1941 for a localized 
headache, which had appeared one and a half years 
after a severe injury to the head (graded 3). Spinal 
subarachnoid insufflation of air was done at that time, 
with the idea that the pain was due to subdural adhe- 
sions. When the patient was observed two years later, 
it was ascertained that he had been “cured” by the 
insufflation but that the headache had been related to 
a difficult personality situation, in which he worked 
long hours under an unsympathetic taskmaster. The 
patient, now a sergeant and doing well in his work, 
-felt that a transfer to another station had been respon- 
sible for the improvement. He had had one or two 
bouts of headache since the treatment, in relation to 
fatigue and worry, which one would not expect if the 
basis of the headache had been stretching of adhesions 
by the insufflation. He did not give evidence of a 
previously unstable personality, and four years after 
the injury, when the effects of cerebral trauma were 
probably well resolved, the electroencephalogram was 
normal and he had low Rorschach ratings for both 
“instability” (+ 4) and “disability” (+1) and a high 
intelligence quotient (over. 120). There was no pneu- 
moencephalogram, as the air had been directed to the 
subarachnoid space in 1941, and air studies were not 
repeated in 1943, when he was free from symptoms. 


In contrast to the patients with localized head- 
aches, the patients with bizarre headache tended 
to rate highest with respect to a previously un- 
stable personality and Rorschach “instability” 
and lowest with respect to severity of injury, 
electroencephalographic changes and Rorschach 
“disability” rating. Some of them showed large 


14. (a) Symonds, C. P., and Lewis, A., in Discussion 
of Differential Diagnosis and Treatment of Post- 
Contusional States, Proc. Roy. Soc. Med. 35:601-614 
(July) 1942. (b) Denny-Brown.! 
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ventricles on pneumoencephalographic study in 
spite of a mild or doubtfully severe head injury, 
and it is questionable whether such a change 
may not indicate a constitutionally defective 
nervous system rather than the results of trauma. 
The condition of these patients has impressed us 
as resembling hysteria in that secondary gain, 
rather than anxiety, was important. The gen- 
eralized and bilateral headaches tended to ap- 
proach the bizarre type in many characteristics, 
while the occipital form tended to be intermediate 
between these and the localized headache and 
presented more definite evidence of anxiety and 
tension. 

The patients with hemicranial headache seem 
to form a special group. They rated low with 
respect to severity of injury, electroencephalo- 
graphic changes and Rorschach “instability” and 
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intermediate ratings for most other character- 
istics. It is interesting, also, that, of the con- 
trols, those with headache tended to have higher 
ratings for unstable personality than those with- 
out headache, although they were not higher in 
Rorschach “instability” rating. 

We believe, then, that these trends allow us 
to place some weight on the description of head- 
ache presented by the patient with respect to 
the relative importance of physical and psycho- 
logic factors in the production of the headache, 
although we agree with Denny-Brown * and with 
Symonds and Lewis *** that “physiogenic” and 
“psychogenic” features can never be completely 
dissociated in the living patient. Whatever the 
physiologic mechanism of the symptoms, an in- 
verse relation between the previous stability of 
the personality and the evidence for physical and 


Taste 7.—Data on Follow-Up Study of Treatment of Eighty-Two Patients with Post-Traumatic Symptoms 


Encephalographie study... 
Direct surgical 
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“disability” ratings. In view of the fact that 
these were patients seen on an average longer 
after injury than the patients with localized 
headache, their headache might represent a later 
and milder form of the latter. On the other 
hand, all 3 patients showed moderate evidence of 
previously unstable personality background, in 
spite of fairly high intelligence quotients and good 
Rorschach ratings. It may be that their head- 
ache was akin to migraine, with which there 
is often an unstable background, together with 
a superior intellectual level. These patients, in 
common with patients with migraine, were also 
helped by the administration of ergotamine tar- 
trate. At any rate, this type of headache is not 
frequent and tends to undergo spontaneous 
improvement. 

The patients without headache but with other 
symptoms, such as dizziness, fainting spells, 
irritability, “nervousness” and fatigue, had high 
ratings for previously unstable personality and 


situational factors was striking. Most of the 
cases could be understood in terms of the con- 
stitution of the patient prior to the injury, its 
modification by the injury and the situation 
with which the person was faced. Hence, al- 
though further light on the physiologic mecha- 
nisms of post-traumatic symptoms would be 
useful in the management of the patients, we can- 
not get away from the need to consider each 
patient as a whole. 


8. REEVALUATION OF THE SUBDURAL 
INSUFFLATION TREATMENT 


A summary of our follow-up study on 82 
patients who had previously been treated in this 
institute for post-traumatic headache or dizzi- 
ness is presented in table 7. It includes the 
data on patients for whom we have been able 
to obtain follow-up information from six months 
to eight years after a spinal or a cranial subdural 
insufflation, as compared with the evidence for 
a control series for whom only a diagnostic en- 
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cephalogram was made, and with the results for 
a few patients on whom direct operative pro- 
cedures were carried out. The data show the 
results of 104 procedures carried out on 82 
patients, several patients having been submitted 
to more than one procedure. Of these 82 
patients, 34 had returned because of failure of 
the operation to relieve their symptoms or be- 
cause of a later relapse. Another 46 patients 
to whom we sent follow-up letters, and who 
were subjected to one of the three indirect pro- 
cedures, including control encephalographic 
studies, did not reply. The results for these 
patients might have increased the percentage of 
cures, lowered as it was by the patients selected 
because of failure. 

The fact remains, however, that we are 
able to report few cases in which the patient 
was cured or considerably improved several 
months to a few years after the procedure. The 
patients with spinal insufflation, like those with 
the ordinary pneumoencephalographic study, 
most frequently showed no essential change 
which could be attributed to the procedure, 
while a few who were subjected to this pro- 
cedure shared with the patients with cranial 
insufflation a tendency to improvement, with 
later relapse. This relapse, with both procedures, 
usually occurred three to eleven months after the 
operation, the free interval accounting for the pre- 
vious reports of short term cures. When relief 
of headache, both permanent and temporary, is 
considered for the patients with spinal insuffla- 
tion, the figure (17 out of 40 patients, or 42.5 
per cent) corresponds more closely with the 
results reported by Penfield and Norcross * 
(56 per cent) than does the long term result. 


Of the patients subjected to spinal insuffla- 
tion, shown in table 7, one who was cured of the 
headaché was the corporal in the Royal Canadian 
Air Force the other factors in whose case have 
already been discussed ; another patient returned 
because of the persistence of dizziness, but 
claimed that he had had no headache for two 
weeks prior to the insufflation. 


At the suggestion of Prof. Wilder Penfield, 
and with the help of Prof. Allen O. Whipple, of 
the department of surgery of the Presbyterian 
Hospital in New York, we obtained reports on 
3 of the 7 patients on whom the method of 
spinal insufflation was first tried by Penfield.*® 
One (case 4 in Penfield’s series) had been com- 
pletely free from symptoms since the insufflation, 
which was done two months after a minor injury 
with no unconsciousness, a condition which in 


15. Penfield, W., and Norcross, N. C.: Subdural 
Traction and Post-traumatic Headache, Arch. Neurol. 
& Psychiat. 36:75-94 (July) 1936. 
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our experience suggests a tendency to sponta- 
neous improvement if personality instability and 
situational factors are not severe. One patient 
(case 7) had had frontal headache only a few 
times a year, and the other (case 2), who had 
had a return of dizziness, as reported by Pen- 
field, later had both headaches and dizziness 
until about five years ago, when they gradually 
cleared up spontaneously, leaving him with 
diminished vision and weakness of the left side, 
due no doubt to the cerebral damage from the 
original injury. 

Of our patients cured of headache by cranial 
insufflation, one had been followed only three 
months and another only four and one-half 
months, when he died of pulmonary tuberculosis. 
In the case of a third patient the previous per- 
sonality background and dramatic recovery of 
the sense of smell following the operation sug- 
gested that the result may have been psychologic. 
We have no further information on the fourth 
patient except that he still had lapses of memory, 
although his headache was cured. 

In the original account of this procedure by 
Penfield and Norcross,’* 6 patients were re- 
ported on, at a few months to a year and a 
half after the operation, as follows: patient 1 
was better, but not cured; patient 2 was greatly 
improved, but not cured; patient 3 was im- 
proved; patient 4 although cured of head- 
aches still had occasional dizziness; patient 5 
had been relieved of the typical headache, and 
the dizziness was improved but still present, and 
patient 6, according to a recent report from the 
family physician, was free from all complaints. 
A subsequent review of these patients’ charts 
provided the following more recent information: 
patient 1, after eight months, was still improved; 
patient 2, after four years, was still improved 
but had headaches about once a week although 
these were decreasing in frequency and were 
brought on chiefly by wet weather or by drink- 
ing beer; patient 3, after three years, remained 
a problem because of .mental disturbance and 
still claimed to have severe headaches; patient 
4 wrote to Dr. Penfield three years after opera- 
tion saying that the headache had returned; 
patient 5 had a different kind of headache, and 
a year and a half after the operation the condi- 
tion was diagnosed as psychoneurosis, and pa- 
tient 6 returned not long after the receipt of 
the letter from his physician, claiming that he 
had had only temporary relief. 

Even when we included the patients who 
presented other factors that might have been 
responsible for the cure and the patients with 
only short follow-up observations, the propor- 
tion of patients whose headache was cured or 
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considerably improved or had recurred, with con- 
siderable improvement nevertheless, was no better 
in the group subjected to spinal insufflation (10 
out of 40) or in the group with cranial insufflation 
(9 out of 35) than in the group with pneumo- 
encephalographic therapy (7 out of 21), a treat- 
ment not considered specific for post-traumatic 
headache. This suggests that factors other than 
the insufflation may determine the result. There 
may have been patients, especially among those 
from whom we did not receive follow-up replies, 
whose headache was specifically affected by 
the insufflation treatment. A simultaneous psy- 
chiatric study of such patients would be required 
to establish the responsibility for cure, and we 
are unable to report any cases in which a long 
term cure was effected and other factors were 
definitely ruled out. 


We tried to correlate the failures of spinal 
insufflation with failure to get air into the sub- 
dural space. However, in 2 of the patients who 
were cured the air entered the ventricles and 
not the subdural space, and in a considerable 
number of the patients who were not relieved of 
headache the air was in the subdural space. All 
the procedures were carried out by competent 
members of the attending or the house staff, 
presumably in accordance with instructions de- 
signed to insure a successful result. The fact 
that in a number of cases the air did not reach 
the subdural space may mean that this result 
is even more difficult to achieve than has for- 
merly been thought. 


The results of direct operation in the few 
carefully selected patients subjected to such a 
procedure seemed somewhat more specific, 
although this method of treatment of course 
carried more risk than the insufflation. In 2 pa- 
tients the operation involved the cutting of adhe- 
sions when traction produced at operation, with 
the use of a local anesthetic, had reproduced 
the patient’s pain. One of these patients, the 
cause of whose headache may not have been trau- 
matic, has been under observation ten months, 
with no return of headache. The other patient 
showed temporary improvement but had a re- 
lapse within six months. One patient was ren- 
dered free of symptoms by the severance of 
adhesions and the repair of a defect in the skull 
with a tantalum plate. One patient had con- 
siderable improvement in her headache after the 
drainage of a subdural effusion, by Dr. Elvidge, 
although she still had symptoms, which were 
considered to have a neurotic basis. Two pa- 
tients were relieved of pain by section of the 
fifth nerve, but in 1 of these, who had a cranial 
insufflation, an epithelioma of the face developed 
in the area of denervation, and he never re- 


16. Weiss, S.: 
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turned to work, although he is still living and 
free from pain. The other patient continued to 
have dizziness, and even some headaches. 


It appears that if a persisting anatomic ab- 
normality is the factor which is holding up the 
patient’s recovery, it should be dealt with, but 
that one must consider the patient as a whole 
and his setting before one can be sure that such 
is the case. 


9. VASCULAR RESPONSES TO POSTURE 


The responses of pulse and blood pressure to 
changes in posture have not been included in 
table 1, as these showed no apparent association 
with the type or to the presence or absence of 
headache, although there appeared to be some 
relation to dizziness. At first, we tried a tilting 
table test, as described by Weiss,’® in which 
the subject was gradually elevated over a period 
of twenty minutes from a horizontal position to 
one of 80 degrees from the horizontal. In a 
study of 26 patients, however, we found that the 
changes in pulse rate and blood pressure were 
substantially the same with a simple measure- 
ment of these factors after the subject had been 
lying down for five minutes and then had stood 
for two minutes. On the basis of previous 
studies on university students in average phy- 
sical condition, we concluded that a fall in blood 
pressure of more than 10 mm. and an increase 
in pulse rate of more than 20 beats a minute are 
unusual. Of 89 patients in our series, 28 showed 
such deviations. Of these 28 patients, 20 had 
dizziness, but 23 others complained of dizziness 
without these changes. 


These vascular changes appeared to be related 
to the previous activity of the patient, whether 
he was in bed or was carrying on at his work, 
rather than to the severity or the type of the 
injury, apart from the confinement to bed in- 
duced by the injury. A few patients presented 
normal changes in pulse rate on admission to 
the hospital, and the deviation increased after 
they had been in bed for five days, after a 
pneumoencephalographic test. An increase was 
observed in a few neurotic patients without head 
injury and in an occasional healthy person of 
asthenic build. Such postural changes in pulse 
have been reported as present in cases of the 
effort syndrome,’* and there may be a question 
whether the alteration is related to sedentary 
activity or to certain emotional features often 
present. At any rate, it does not seem related 


Syncope and Related Syndromes, in 
Christian, H. A.: Oxford Medicine, New York, Oxford 
University Press, 1943, vol. 2, chap. 8 A, p. 250. 

17. Lewis, T.: The Soldier’s Heart and the Effort 
Syndrome, ed. 2, London, Shaw & Sons, Ltd., 1940. 


| 
| 
| 


specific 
the hez 
possibl; 
Malc 
to an 
ducted 
who hz 
to the 
proven 
with pl 
time. 
sician 
before 
the cre 
of neo 
0.0005 
cubic 
mg.] 0 
in 2 o 


Dia; 
headact 


chang 
beats | 
but wi 
seconc 
he ret 
nitrite 
chang 
pressu 
some 
pheno 
condit 
A 
prescr 
by D1 
prove 
to vas 


18. } 
for Px 
liminar 
1942, 

19, 
by Ho 


| 


ROSS-McNAUGHTON—HEAD INJURY 


specifically to head injury, and certainly not to 
the headache after such injury, although it is 
possibly related to the dizziness in some patients. 

Malone ** ascribed the effect of neostigmine 
to an assumed vascular instability. We con- 
ducted a trial of neostigmine *® with 6 patients 
who had dizziness and gave a positive response 
to the postural change. We could see no im- 
provement as compared with the effect obtained 
with placebo pills given these patients at another 
time. It appears that the confidence of the phy- 
sician in such a measure must be ruled out 
before the pharmacologic action can be given 
the credit. It is of interest that with large doses 
of neostigmine (3 cc. of a solution containing 
0.0005 Gm. of neostigmine methylsulfate per 
cubic centimeter, covered with 4,99 grain [0.6 
mg.]| of atropine sulfate, injected subcutaneously ) 
in 2 of these patients we reduced the postural 
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tients have been helped by these exercises, per- 
haps in part psychologically, but we have seen 
the treatment fail with some patients because 
they still had unsolved personal difficulties. We 
have seen other patients helped as much by 
engaging in exercises for relaxation of large 
muscles, such as walking, dancing; gymnastics 
and swimming. 


10. MECHANISMS, WITH IMPLICATIONS FOR 
MANAGEMENT 


The factors which appear to be related to the 
production of symptoms in the patients we have 
studied are shown graphically in the diagram. 
Every injury to the head involves trauma, both 
physical and psychic. The physical effects are 
exerted on the meninges and the brain. Menin- 
geal contusion and meningeal adhesions may be 
directly responsible for a localized type of head- 
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Diagram showing relation of various factors to the production of symptoms in patients with post-traumatic 


headache. 


change in pulse rate—in 1 patient from 76 to 48 
beats a minute and in the other from 38 to 32, 
but without alteration in their headache. In, the 
second patient the pulse rate fell 14 beats after 
he returned to work. By the use of sodium 
nitrite we were able to increase the postural 
change in the pulse rate and the drop in blood 
pressure so that we could produce fainting in 
some patients, but we did not consider that this 
phenomenon was specific for post-traumatic 
conditions. 

A routine of “tension exercises” has been 
prescribed for some time at this clinic 
by Dr. Cone, on the basis of the value of im- 
proved muscular tone in reducing a tendency 
to vascular instability. Undoubtedly, many pa- 
18. Malone, J. Y.: Head Injuries: New Treatment 
for Postconcussional Headaches and Dizziness; Pre- 


liminary Report, J. A. M. A. 119:861-864 (July 11) 
1942. 


19. The neostigmine used in this study was donated 
by Hoffmann-LaRoche, Ltd., Montreal. 


ache mediated largely through the nerve supply 
to the dura from the fifth nerve.2° This head- 
ache may clear up spontaneously if no other 
factors are in operation. It may persist for 
anatomic reasons and require surgical interven- 
tion, but the persistence may have an emotional 
basis, which is discussed later. Meningeal adhe- 
sions might also be responsible for dizziness, 
although such a cause is not well established. 
Localized headache may be produced by cere- 
bral contusion, although we do not know what 
the anatomic pathways would be in such a case. 
Many of the localized headaches appeared to 
wax and wane with the presence and absence of 
fatigue and emotional stress, a feature suggesting 
a relation to cerebral function rather than to 
meningeal adhesions, although changes in intra- 
cranial circulation might provide the connecting 
link. Other effects on the brain include intellec- 


20. Penfield, W., and McNaughton, F. L.: 
Headache and Innervation of the Dura Mater, 
Neurol. & Psychiat. 44:43-75 (July) 1940. 
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tual impairment with severe injuries, and at 
least a temporary disturbance after less severe 
injuries, as well as emotional instability, as 
suggested by our studies with the Rorschach 
method. These features are linked with the 
psychic effects of the trauma, the previous per- 
sonality of the patient and the situational factors 
to produce an emotional disturbance which may 
result in any of the symptoms of headache, 
dizziness, fatigability, irritability, lack of con- 
centration and other mental disturbances so 
common in psychoneurotic patients. Anxiety or 
hysterical features may be present with these 
symptoms, according to the personality of the 
patient and other circumstances. These symp- 
toms are probably produced through physiologic 
mechanisms, such as muscular tension and vas- 
cular instability, which are not yet fully under- 
stood. The emotional disturbance may also 
modify and prolong the reaction to a more direct 
mechanism, such as meningeal contusion or 
adhesions. The headaches related to emotional 
disturbances tend to be less localized than those 
associated with the more direct mechanisms. 
The hysterical forms tend to be bizarre or gen- 
eralized, and the anxiety forms, bilateral or 
occipital, although an occasional psychogenic 
headache may remain localized at the site of 
injury in cases in which there was no loss of 
consciousness and the victim remembers where 
he was hit. 

This concept of the mechanisms of headache 
indicates the importance of treating the patient 
as a whole, both for the prevention and 
for the management of post-traumatic symptoms. 
Neurosurgical precautions in the treatment of 
the acute injury are beyond the scope of our 
paper, but psychologic factors during convales- 
cence may be mentioned. A reassuring attitude 
on the part of the neurosurgeon is desirable 
in order to allay the fears with regard to intel- 
lectual impairment and a possible threat to eco- 
nomic security, but it should not be an unwar- 
ranted optimism. If the patient is suffering a 
temporary impairment of mental efficiency and 
of emotional control, it is far better to recog- 
nize this and to give him an opportunity of 
getting back gradually to his previous functional 
level, rather than to lead him to think pre- 
maturely that he has made all the recovery he 
is going to make. Nor is there usually any 
need to expect a permanent disability, for in 
many patients the vis medicatrix naturae seems 
to persist, not only for months but for years 
after the injury, provided that the background 
is good and the environmental circumstances 
are not too adverse. 


NEUROLOGY AND PSYCHIATRY 


The treatment of the majority of patients 
with symptoms persisting for some time after 
the injury, for whom nothing can be done sur- 
gically, is essentially the management of psycho- 
somatic conditions, with special consideration of 
any problems created by damage to the brain, 
Careful examination of the patient, careful con- 
sideration of the environmental factors and 
prolonged psychotherapy, all have a place. Pal- 
liative and sedative drug therapy will assist in 
the handling of the anxiety. Participation in 
relaxing recreation is also helpful. Above all, 
an “occupational therapy merging into thera- 
peutic occupation,” as Dr. Aubrey Lewis ** so 
aptly described it, should be employed. Pension 
and compensation boards would contribute to 
ultimate financial saving if they were to invest 
funds in establishments for the rehabilitation and 
reeducation of the injured, instead of continuing 
to pay out permanent partial disability pensions. 
The end result would be profitable, not only to 
the boards but to the victims of such injury, 
who would regain independent individuality 
instead of remaining precarious parasites on 
society. 

SUMMARY 


In a comparison of 68 patients with persisting 
complaints after head injury and 22 subjects 
observed after injury who had not presented 
themselves because of complaints, attention was 
given to the type of headache, the presence of 
items in the previous personality background sug- 
gesting instability, the severity of injury, the 
reports of electroencephalographic and pneumo- 
encephalographic abnormalities, certain ratings 
of “instability” and “disability” as determined by 
the Rorschach method and situational factors 
which seemed relevant to the presentation of 
complaints. 


The greatest difference between the patients 
and the controls lay in the presence of situational 
factors which might have produced or aggravated 
psychoneurotic symptoms. This was true for 
every type of headache. It was also evident that 
patients with localized headache showed less evi- 
dence of previous neurotic background and more 
evidence of cerebral damage from the injury. 
This evidence included electroencephalographic 
records and Rorschach “disability” ratings, with 
the ratings for severity of injury and pneumo- 
encephalographic changes tending in the same 
direction, although less significantly. Except for 
a few patients with hemicranial headache, some- 
what resembling migraine, patients with all other 
types of headache, especially those of bizarre 
and generalized distribution, showed previous 
personality instability similar to that of psycho- 
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neurotic patients and evidence of “instability” 
in the Rorschach test resembling that found for 
neurotic patients. The evidence for patients 
complaining of symptoms other than headache 
also tended to resemble that for neurotic patients. 


A follow-up study of 82 patients with post- 
traumatic symptoms previously treated in this 
institute indicated that the long term results with 
spinal or with cranial subdural insufflation have 
been no better than the results following pneumo- 
encephalographic treatment, and that for none 
of these patients could the influence of other 
factors be ruled out. The results in a few pa- 
tients treated by a direct operative procedure 
suggest a limited application of such measures 
in carefully selected cases. 


Studies of the postural vascular responses did 
not indicate any effect in patients with head 
injury which differed from that in psychoneurotic 
patients or in patients convalescing from other 
illness, nor have they given any lead to treatment 
other than to suggest the value of exercises for 
hardening and relaxation. 

The concept of mechanisms presented here in- 
volves a relation between physical and psycho- 
logic factors and emphasizes the need of con- 
sidering the person as a whole in the prevention 
and cure of post-traumatic symptoms. 

This work was carried out under a grant from the 
Associate Committee on Medical Research of the Na- 


tional Research Council of Canada and was supervised 
by the Subcommittee on Surgery. 


3801 University Street. 
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THE ELECTROENCEPHALOGRAM 


CAPTAIN FRANCIS 


MEDICAL CORPS, 


The present paper deals chiefly with the 
interpretation of the electroencephalogram when 
used as a diagnostic aid in the study of epileptic 
patients between seizures. 


Hughlings Jackson * remarked: 


I submit that it is well also to consider that the 
warning in any paroxysm signifies the seat of a dis- 
charging lesion, that the warning is in that sense localiz- 
ing. 


Electroencephalography has shown that even 
preceding the warning there is frequently a 
localized abnormal electrical discharge from the 
brain, and in many cases this occurs almost con- 
stantly as a subclinical phenomenon. One there- 
fore has an opportunity in a large number of 
instances of discovering the “seat” of origin of 
the potential changes, especially if the patient is 
studied between clinical seizures, when this may 
be localized, rather than at the height of a con- 
vulsion, when the electrical disturbance, like the 
clinical manifestations, may be generalized. 


The problem of the electroencephalographic 
classification of the epilepsies has been approached 
from two standpoints. Gibbs, Davis and Len- 
nox,” who pioneered in this field, showed that 
certain wave forms and patterns are frequently 
present during certain varieties of clinical 
seizures, and Gibbs, Gibbs and Lennox * pro- 
posed a classification based on these and other 
criteria. For instance, they stated: 


A fast rhythm spells grand mal, a slow rhythm 
psychomotor and an alternating slow and fast rhythm 
petit mal epilepsy.3> 


From the Neurological and Neurosurgical Service 
of Lenox Hill Hospital. 


Kkead in part before the New York Neurological 
Society and the New York Academy of Medicine, Sec- 
tion of Neurology and Psychiatry, May 5, 1942. 

1. Jackson, J.: On Epilepsy and Epileptiform Con- 
vulsions, in Taylor, J.; Holmes, G., and Walshe, F. 
M. R.: Selected Writings of John Hughlings Jackson, 
London, Hodder & Stoughton, Ltd., 1931, vol. 1. 

2. Gibbs, F. A.; Davis, H., and Lennox, W. G.: 
The Electroencephalogram in Epilepsy and in Con- 
ditions of Impaired Consciousness, Arch. Neurol. & 
Psychiat. 34:1133-1148 (Aug.) 1935. 

3. (a) Gibbs, F. A.; Gibbs, E. L., and Lennox, W. 
G.: A Cerebral Dysrhythmia, Brain 60:377-388, 1937; 
(b) Cerebral Dysrhythmias of Epilepsy, Arch. Neurol. 
& Psychiat. 39:298-314 (Feb.) 1938. 
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therefore undertook the problem anew. They 
carried out extensive localization studies on each 
patient, and as a result they concluded that locali- 
zation of the abnormal discharge provided the 
most satisfactory basis for classification of the 
electroencephalographic records, with wave forms 
and patterns playing a secondary role in the 
detailed analysis of each case. 

Evidence for and against the usefulness of 
these two classifications is found in the literature 
and will be outlined here. Walter,® by using the 
phase reversal technic introduced by Adrian and 
Yamagiwa,® was the first to demonstrate that 
an organic lesion of the brain, such as a tumor, 
reveals itself in the electroencephalogram by the 
presence of localized delta waves. Since then 
evidence has accumulated which shows that an 
epileptic cortical focus may likewise be localized 
(Golla, Graham and Walter’; Jasper and 
Hawke *; Gibbs, Gibbs and Lennox *”; Case®; 
Case and Bucy *°; Jasper and Kershman *; Pen- 
field and Erickson "! ; Gibbs, Merritt and Gibbs,” 


4. Jasper, H. H., and Kershman, J.: Electro- 
encephalographic Classification of the Epilepsies, Arch. 
Neurol. & Psychiat. 45:903-943 (June) 1941. 

5. Walter, W. G.: The Location of Cerebral Tumors 
by Electroencephalography, Lancet 2:305-312, 1936. 

6. Adrian, E. D., and Yamagiwa, K.: 
Berger Rhythm, Brain 58:323-351, 1935. 

7. Golla, F.; Graham, S., and Walter, W. G.: The 
Electroencephalogram in Epilepsy, J. Ment. Sc. 83:137- 
155, 1937. 

8. Jasper, H. H., and Hawke, W. A.: Electro- 
encephalography in Localization of Seizure Waves in 
Epilepsy, Arch. Neurol. & Psychiat. 39:885-890 (May) 
1938. 

9. Case, T. J.: Electroencephalography in_ the 
Diagnosis and Localization of Intracranial Conditions, 
J. Nerv. & Ment. Dis. 87:598-602, 1938. 

10. Case, T. J., and Bucy, P. C.: Localization of 
Cerebral Lesions by Electroencephalography, J. Neuro- 
physiol. 1:245-261, 1938. 

11. Penfield, W., and Erickson, T. C.: Epilepsy and 
Cerebral Localization, Springfield, Ill., Charles C 
Thomas, Publisher, 1941. 
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Jasper and Kershman,* in attempting to use 
this classification in routine examinations of epi- 
leptic patients between seizures, reported that 
they could not accurately predict the form of 
the clinical attack from the wave forms and 
patterns seen in the electroencephalogram. They 
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and others). The article by Casamajor and 
associates ** should, perhaps, be added to this 
group, but these authors found that in a series 
of cases of unilateral seizures in children the 
abnormal rhythms, although tending to be more 
prominent in the hemisphere opposite the side 
of the convulsions, were always diffuse. 


Concerning the interpretation of other aspects 
of the electroencephalogram in cases of epilepsy 
agreement is not so close. First, there is the 
difference of opinion expressed by Jasper and 
Kershman* and Gibbs and associates *® with 
respect to the value of wave patterns as diag- 
nostic criteria, as previously mentioned. Rhein- 
berger ** favored the Jasper-Kershman point of 
view, and Hoefer *° found much of value in the 
Gibbs-Lennox classification. In addition, Finley 
and Dynes,’® in a recent review of the electro- 
encephalograms of 369 patients with convulsive 
seizures, stated: 

Because of the great variety of patterns obtained in 
epileptics, and because many of these patterns resembled 
those found in other disorders, the use of clinical 


terminology in describing the brain wave patterns of 
epileptics is misleading. 


These authors did not find the Jasper-Kershman 
or the Gibbs-Lennox classification satisfactory 
and stated the opinion that “the time has not 
yet arrived to make any formal classification of 
brain wave patterns.” Finley,’ in an analysis of 
4,500 cases of neuropsychiatric disorders, also 
reported that he found rapid frequency cycles of 
the type described by Gibbs and associates as 
associated with grand mal to be more common 
with the involutional and manic-depressive 
psychoses and with neurosyphilis than with 
epilepsy. 

The work to be reported is an attempt to in- 
terpret the electroencephalograms of 100 epileptic 
patients in the light of the conflicting observations 


12. Gibbs, E. L.; Merritt, H. H., and Gibbs, F. A.: 
Electroencephalographic Foci Associated with Epilepsy, 
Arch. Neurol. & Psychiat. 49:793-801 (June) 1943. 

13. Casamajor, L.; Smith, J. R.; Constable, K., and 
Walter, C. W. P.: Electroencephalogram of Children 
with Focal Convulsive Seizures, Arch. Neurol. & Psy- 
chiat. 45:834-847 (May) 1941. 

14. Rheinberger, M., in discussion on Echlin, F. A.: 
The Electroencephalogram in Epilepsy, Arch. Neurol. 
& Psychiat. 49:296-299 (Feb.) 1943. 

15. Hoefer, P. F. A., in discussion on Echlin, F. A.: 
The Electroencephalogram in Epilepsy, Arch. Neurol. 
& Psychiat. 49:296-299 (Feb.) 1943. 

16. Finley, K. H., and Dynes, J. B.: Electro- 
encephalographic Studies in Epilepsy, Brain 65:256-265, 
1942. 

17. Finley, K. H.: Potentials of Rapid Frequency 
in the Human Electroencephalogram, Arch. Neurol. & 
Psychiat. 49:308-310 (Feb.) 1943. 
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and opinions just outlined. The first part of 
the study was devoted to an effort to classify the 
electroencephalographic records according to the 
localization of the abnormal discharges in the 
brain, as outlined by Jasper and Kershman,* and 
to tabulation of various wave forms and patterns 
seen, as described by Gibbs, Davis and Lennox ? 
and Gibbs, Gibbs and Lennox.*® The results 
were correlated with the available clinical data, 
and certain conclusions were drawn. 


With this information accessible concerning 
the localization of the abnormal waves and the 
types of clinical seizures of the individual 
patients, an endeavor was made to determine the 
significance of the slow wave patterns, so often 
seen, and described by Gibbs, Gibbs and Len- 
nox,®” as of the “psychomotor” type. In addition, 
the possible significance of the so-called grand 
mal and petit mal wave patterns and of the 
frequency of the various waves is considered on 
the basis of these data. Finally, the nature of 
the neuron discharges which summate to form 
the high voltage waves in epilepsy is discussed. 


It will be seen that the first part of the paper 
represents a repetition of the work of Jasper and 
Kershman.* This was necessary before the study 
reported in the second part of the article could 
be undertaken. 


MATERIAL AND TECHNIC 


One hundred and _ ninety’ electroencephalograms 
obtained during the past two and one-half years from 
100 patients with a history of convulsive seizures were 
studied. The patients were all examined between 
seizures, but a number of them had clinical attacks 
during the recording. When this happened, a second 
examination was made later, so that tracings were 
obtained when the patient had been free of seizures 
(other than petit mal) for twenty-four hours before or 
after the taking of a record. 

The neurologic and neurosurgical outpatient clinic at 
Lenox Hill Hospital, New York, provided the greatest 
source of the material. Patients in this group who 
showed focal cortical abnormalities were admitted to 
the neurologic-neurosurgical service for encephalo- 
graphic study and more complete neurologic and 
electroencephalographic examination. In addition, a 
clinic was held at Lincoln Hospital for six months, 
and all patients with a clinical history of seizures sug- 
gesting a focal cortical onset were brought for electro- 
encephalographic study through the outpatient depart- 
ment at Lenox Hill Hospital. A number of these 
patients were also admitted to the neurologic service 
for further investigation. A few patients with con- 
vulsive disorders were referred from Bellevue Hospital, 
and a group of patients were studied through permission 
of private physicians. A number of the last group 
were also referred for study because of a history of 
focal epilepsy. 

The selection of patients with a history, and fre- 
quently neurologic signs, suggestive of a focal onset 
of their convulsions explains why the number showing 
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localized cortical electrical abnormalities was so high 
(30 per cent). 


A four channel, ink-writing electroencephalographic 
apparatus, built by Rahm, was used throughout. The 
apparatus was in one room and the patient in an adjoin- 
ing one, which contained the input for the electrodes. 
This was connected to the amplifiers by means of a 
cable. Both rooms were electrically shielded, having 
been completely lead lined previously for use as x-ray 
rooms. They were shielded from one another by a 
grounded copper screen door. Nine electrodes were 
routinely used on each side of the head (fig. 1), and the 
placements were the same as those described by Jasper, 
Kershman and Elvidge.1® Special electrodes were 
applied when indicated for localization. Localization 
studies were carried out on all patients, with the phase 
reversal technic, and bilateral recording was used during 
a considerable portion of the examination. Records 
were taken for one hour or more from most of the 
patients, the greater part of a morning or an after- 
noon being devoted to the study of each patient. The 
patient hyperventilated for four or five minutes during 


the study, and tracings were taken at intervals during 
this period. 


Fig. 1—This diagram illustrates the position of the 
electrodes used in the present study. Placements 1 to 9 
were employed (on both sides of the head) routinely in 
each case. The position of the electrodes is indicated 
(by numbers) to the left of the tracings in the follow- 
ing figures, and should be compared with figure 1 for 
proper interpretation. 

Measurements used in the placement of electrodes 
were the same as those described by Jasper, Kershman 
and Elvidge.1® 


A sphenoid lead of the type used by Grinker and 
Serota 2® and by Jasper (cited by Penfield and Erick- 
son11) to advantage in demonstrating the deep central 
origin of bilaterally synchronous potentials, was not 
employed in this study. 

Miss Alice Wiltsek and Miss Share gave technical 
help in obtaining the records. 


RESULTS 


. The most outstanding feature of the abnormal 
discharges recorded from epileptic patients was 
the recurring or paroxysmal appearance of high 
voltage waves, a phenomenon termed paroxysmal 


18. Jasper, H. H.; Kershman, J., and Elvidge, A.: 
Electroencephalographic Studies of Injury to the Head, 
Arch. Neurol. & Psychiat. 44:328-350 (Aug.) 1940. 

19. Grinker, R. R., and Serota, H. M.: Studies on 
Corticohypothalamic Relations in the Cat and Man, J. 
Neurophysiol. 1:573-589, 1938. 
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hypersynchrony by Jasper and Nichols.*° Most, 
but by no means all, of these potential changes 
occurred at frequencies which may be regarded 
as abnormal, and therefore, in addition there 
was frequently dysrhythmia, as stressed by Gibbs, 
Gibbs and Lennox.® 

It can be stated here that, although the dis- 
charges just mentioned constituted the outstand- 
ing feature of the records studied, similar abnor- 
mal waves (with the possible exception of the 
3 per second wave and spike pattern) were 
seen in patients who did not have clinical 
epilepsy and it was therefore usually felt unwise 
to make a diagnosis of epilepsy from the electro- 
encephalogram alone. 


I. CLASSIFICATION OF ELECTROENCEPH.- 
ALOGRAMS ACCORDING TO LOCALI- 
ZATION OF THE DISCHARGE 

Under this heading are reported the results of 
an attempt to classify the electroencephalograms 
of 100 patients with a history of convulsions 
according to the Jasper-Kershman ‘ classification. 
These authors reported that from the standpoint 
of localization three principal kinds of abnormal 
activity are observed in epileptic patients, 
namely: (1) localized (unilateral cortical), (2) 
bilaterally synchronous (from homologous areas 
of the right and the left hemisphere) and (3) 
diffuse. 

In the present study it was found that the 
records taken from the 100 patients could be 
divided with a considerable degree of accuracy 
into the three chief types just mentioned. In 
addition, 20 per cent of the patients had what 
was regarded as a normal electroencephalogram. 

Localized Unilateral Cortical Abnormality (30 
per cent of patients )—In 30 of the patients studied 
between clinical seizures an abnormal discharge 
was recorded from a relatively restricted area 
over one cerebral hemisphere. The unilateral 
nature of the abnormalities in these epileptic 
patients immediately differentiated them from 
the bilateral changes in the electroencephalogram, 
to be described later. On figure 2 samples of 
subclinical unilateral discharges from 8 patients 
are shown. 

It may be restated here that the patients 
examined were a selected group. When patients 
were referred from other hospitals, usually only 
those with a history or signs suggestive of focal 
epilepsy (12 patients) were chosen, and hence 
30 per cent is not a true estimate of the number 
in an unselected group of epileptic patients who 


would have shown a localized abnormality in the 


20. Jasper, H. H., and Nichols, E. C.: Electrical 
Signs of Cortical Function in Epilepsy and Allied Dis- 
orders, Am. J. Psychiat. 94:835-850, 1938. 
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Fig. 2.—Samples of subclinical unilateral “focal” cortical abnormal discharges from 8 epileptic patients. For 
all patients tracings of the electrical activity were taken simultaneously from the two sides of the head, the upper 
two lines in each case representing the activity from the right side, and the lower two lines, that from 
homologous areas on the left side. The abnormal discharge is indicated by an arrow in the individual cases ; 
this is confined to one side of the head, the left except in case 2. 

The three common types of abnormal waves are illustrated in the tracings: L 1, spikes; L 2, sharp waves, 
and L 3, delta waves. 

The distinguishing feature of the “focal” cortical abnormalities is their unilateral localized nature, and not the 
wave forms or patterns present, since these vary in form and frequency from moment to moment. 

In cases 7 and 8 samples of rhythmic discharges (L 4) similar to those described as “psychomotor” by Gibbs, 
Gibbs and Lennox® were taken. In 3 of the other cases (1, 4 and 6) rhythmic slow waves patterns at 3 to 6 
per second are also present, indicating the tendency of most discharges (in 50 per cent of cases with high voltage 
potentials in this study) at some time to take on a slow rhythmic form. Similar 3 to 6 per second waves are 
shown in 2 cases in figures 6 and 7. 

Note the similarity between the unilateral 3 per second waves in case 7 and those in figure 3, case 5, and 
in figure 4, 3, in which the waves are bilaterally synchronous. It will be seen, also, that the unilateral potentials 
in case 4 resemble the bilateral ones in figure 3, case 3. 

The term “psychomotor” has been used in referring to all 3 to 6 per second rhythmic slow waves because of 
their essential similarity to one another and to the “psychomotor” pattern of Gibbs and associates,®> but it is not 
advocated that this clinical term be so used in the future. 

That the potentials in certain instances presented at intervals a square top did not appear a sufficient criterion 
to warrant the separation of these patterns from the others into a so-called psychomotor group. 


Electrode numbers are noted to the left of each tracing. Placement of electrodes is shown in figure 1. 
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electroencephalogram. Eight of the 30 patients 
were known to have a relatively localized organic 
lesion of the brain before electroencephalographic 
studies were undertaken. (These lesions were 
healed cerebral abscess, 2 patients; traumatic 
meningocerebral cicatrix, 3 patients; cerebral 
cicatrix, 2 patients, and tumor of the brain, 1 
patient). 

Jasper and Kershman * described four parox- 
ysmal wave forms as being most typical of a 
localized cortical discharge, namely, random 
spikes (L 1), random sharp waves (L 2). 
delta waves (L 3) and _ occasional local 
paroxysmal rhythms (L 4) of 10 or more per 
second type. 


In this study, random high voltage spikes 
were recorded from only 2 patients and these 
were of longer duration (about fifty milliseconds) 
than the spikes described by Jasper and Kersh- 
man.* Sharp waves were the outstanding fea- 
ture in the tracings of 24 patients (26 if the 
2 subjects showing spikes are included) and 
delta waves, in the records of 4 patients; but 
the latter also occurred with most of the other 
localized disturbances. Unilateral paroxysmal 
rhythms (at 3 to 6 per second) were prominent 
in the records of 5 of these patients, but briefer 
discharges of rhythmic slow waves were noted in 
the records of a much larger group (more than 
50 per cent of patients) and will be discussed in 
detail later. Examples of each of these wave 
forms are shown in figure 2. Rhythmic waves 
at 14 per second or higher were seen in the 
records of 3 patients. 

In all 30 patients the aforementioned abnor- 
malities were observed as a subclinical phenom- 
enon (without having the patient hyperventi- 
late) in the absence of seizures for twenty-four 
hours before or after the tracing was taken. In 
fact, these localized discharges occurred as an 
almost constant phenomenon in over 65 per cent 
of the (30) patients with the unilaterally abnor- 
mal electroencephalogram. The subjects who had 
seizures during the taking of a record were 
studied again later. Hyperventilation, as de- 
scribed in the section on “Material and Technic,” 
was used with all patients, and in over 50 per 
cent it caused some increase in the localized 
activity, either during or shortly after it was 
completed. 

It was previously stated that the abnormal 
discharge was recorded from a relatively re- 
stricted area. This area, with no exception, was 
at least 4 cm. in diameter and varied of course 
with the intensity of the activity. When this 
increased, which occurred at some time in over 
75 per cent of subjects, some effect was noted on 
the waves in the opposite hemisphere. By means 
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of the phase reversal technic, the approximate 
point at which the potential gradients came to a 
focus could be determined with considerable 
accuracy to within an area about 4 cm. in di- 
ameter. It is true that in many cases the margins 
of this focus appeared to shift at certain inter- 
vals from 1 to 3 cm. during a single recording, 
as observed by Hoefer*® and others. Shifts 
greater than this were not noted in subsequent 
electroencephalograms from the same patient. 


Bilaterally Synchronous Abnormality (35 per 
cent of patients ).—In 35 of the epileptic patients 
studied between seizures intermittent or par- 
oxysmal bursts of high voltage waves appeared 
simultaneously from homologous areas in the two 
hemispheres, as described by Jasper and Kersh- 
man. In the records of about 40 per cent 
of patients hyperventilation was necessary before 
these abnormalities became evident. The bilater- 
ality (location) of the disturbance clearly dis- 
tinguished these patients from those who showed 
unilateral abnormality. The findings are in 
agreement with Jasper and Kershman’s * hypoth- 
esis that “a common central (midline subcorti- 
cal) pacemaker is a necessary hypothesis to 
account for this synchronization of bilateral dis- 
charge when there is no evidence for one hemi- 
sphere leading the other.” 


Jasper and Kershman * stated: 


Paroxysmal rhythms are the most common forms of 
bilaterally synchronous activity. The most perfect bi- 
lateral synchrony is seen in the 3 per second wave and 
spike pattern (B3 and 1), 3 per second waves (B3) 
and 6 per second waves (B4). The only random 
waves that show a fair bilateral synchrony are the 
sharp waves (B2) from the temporal lobes, but even 
here they tend to become rhythmic (frequencies be- 
tween 3 and 6 per second) when showing bilateral 
synchrony. 


These observations held true in the present 
study. An analysis of the records, based on their 
classification, follows. Examples of the four 
important paroxysmal rhythms seen in the rec- 
ords of patients with bilaterally synchronous 
abnormality are shown in figure 3. 

Three per Second Wave and Spike (B 3 and 
1) Activity: Seven records showing 3 per second 
wave and spike pattern were obtained from dif- 


ferent patients between clinical seizures (figs. 
3 and 4). 

Sharp Waves (B 2) Activity: Bilateral sharp 
waves from the region of the temporal lobes 
were obtained from 14 patients between clinical 
attacks. 

Three per Second (B 3) Activity : Abnormality 
of this type was present as the outstanding fea- 
ture in the records of 13 patients (fig. 3). In2 
patients the 3 per second wave activity was 


replaced 
tern dui 
were th 
synchro 
tern. 

In pz 
nous 3 
and 
tween bh 
mal pot 
amplitu: 


Fig. 
3 per : 
per secc 
contrast 
the pot 
between 
taken si 
of the | 
to the | 


thythn 
tween 
In son 
was co 
2, even 
sequen 
large v 
seen. 
a relat 
focus 1 
disorg: 


| 
| 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


ECHLIN—ELECTROENCEPHALOGRAM IN EPILEPSY 


replaced by a 3 per second wave and spike pat- 
tern during a clinical seizure, and their records 
were therefore classified as having a bilaterally 
synchronous 3 per second wave and spike pat- 
tern. 

In patients who showed bilaterally synchro- 
nous 3 per second wave or 3 per second wave 
and spike activity it was usually noted that be- 
tween bursts of the high voltage waves the nor- 
mal potentials were disturbed by fluctuations in 
amplitude and frequency. At times the alpha 
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hence the record might be mistaken for, and 
classified as, one showing diffuse nonlocalized 
activity. 

Rhythmic Six per Second (B4) Activity: 
Rhythmic waves at 3 to 6 per second will be 
described later. One patient had only inter- 
mittent discharges of 6 per second smooth waves, 
and this record was therefore not included with 
any of the foregoing types. 

Diffuse Nonlocalized Activity (15 per cent 
of patients).—Only 3 patients showed diffuse 


WwW \ 
2-7 \ {\ \f\ f\ f\ 
\ W \w ly W 
B 3amc | 
CASE 2 CASES 
shh hh A | 
B2 B4 
CASE 3. CASES eee 
6-8 | Scop y 


1 Src 

Fig. 3.—Discharges of the bilaterally synchronous t 

3 per second wave and spike activity; B 2, of shar 
per second waves. The abnormal potentials in these ca 
contrast to the potentials shown in figure 2, which we 


ype taken from 6 patients. B 3 and 1 is an example of 
p waves; B 3, of 3 per second waves; and B 4, of 6 
ses appear simultaneously from the two hemispheres, in 
re confined to one side of the head. In cases 3 and 5 


the potentials are similar to those described as “psychomotor” by Gibbs and associates.3> Note the similarity 
between the wave patterns in these cases (3 and 5) and the rhythmic activity shown in figure 2. Tracings were 
taken simultaneously from the two sides of the head. The upper two lines in each case are from the right side 


of the head, and the lower two lines, from homologou 
to the left of each tracing, and their placements are sho 


thythm was replaced by waves fluctuating be- 
tween 3 and 9 per second, as shown in figure 4. 
In some cases the abnormality was slight and 
was confined to the changes shown in figure 4, 
2, even during hyperventilation, and only on sub- 
sequent recording were sudden bursts of typical 
large voltage 3 per second wave and spike activity 
seen. In view of these observations, it appears that 
a relatively quiescent, deep, apparently midline 
focus may produce only a slight effect (diffuse 
disorganization) on the cortical rhythms, and 


s areas on the left side. Electrode numbers are indicated 
wn in figure 1 (see text). 


nonlocalized abnormal activity similar to that de- 
scribed by Jasper and Kershman.* Two other 
patients showing such changes were excluded 
from the present series, as they were known 
to have gross diffuse lesions of the brain, and 
the presence of delta waves made interpretation 
of the records uncertain. It should be added that 
no children under 10 years of age were included 
in this study because of the difficulty in interpre- 
tation. Patients who had just recovered from 
an epileptic seizure and those in stupor or with 
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pronounced increased intracranial pressure fell 
into the same category. 


However, 15 per cent of the patients did show 
a slight diffuse abnormality in the electroen- 
cephalogram (fig. 5). The characteristics of this 
disturbance were a moderate variation in the volt- 
age and frequency of the alpha rhythm and the 
presence of scattered random delta waves of low 


a 
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Fig. 4—These four tracings were recorded at various intervals from the same patient. 


the bilaterally synchronous type. 
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CORRELATION OF ELECTROENCEPHALOGRAPHIC 
AND CLINICAL DATA, 


Under this heading the clinical data concern. 
ing the variety or pattern of the epileptic seizure 
are correlated with the location of the discharge 
in the brain and with the wave pattern seen in 
the records of certain patients. This represents 
a repetition of Jasper and Kershman’s * work. 
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The frequencies fluctuate between 9 and 3 per second (see text for explanation), 


The slow (3 per second) waves in tracing 3 appear essentially the samg as those described as “psychomotor” 
by Gibbs, Gibbs and Lennox (fig. 3, tracing 18%>). This is interesting, for, as will be seen, in tracing 4, taken 
thirty seconds later, the slow potentials are replaced by a subclinical 3 per second wave and spike pattern 
(so-called petit mal abnormality). This pattern may be compared with the waves in figure 2, case 7. 


This patient had clinical attacks of petit mal and grand mal and periods of mental dulness. 


His electro- 
encephalogram presented almost constant abnormality, but of fluctuating degree. 


a B 
Wiv\ Wor 
afin 3- 
Fig. 5.—Record A shows a slight diffuse abnormality, and B is a normal electroencephalogram (see text for 
explanation). 
voltage. These abnormalities frequently occur- Classtfication by Clinical Seizure Pattern— 


red in bilaterally synchronous fashion. Dis- 
charges of rapid low amplitude sharp waves at 14 
to 25 per second were occasionally present. A 
dividing line could not always be drawn be- 
tween records of this type and an electroen- 
cephalogram judged to be normal. The 3 
patients with more conspicuous diffuse abnor- 
mality were included in the 15 per cent. 


Normal Electroencephalograms.—Twenty per 


cent of the epileptic patients studied had normal 
records (fig. 5). 


In classification of the various forms of clini- 
cal seizures an endeavor has been made to em- 
ploy the terms “psychomotor,” “psychic variant 
or equivalent” and “amnesia” in the sense in 
which Gibbs, Gibbs and Lennox ®” used them. 
However, it is probable that many of the attacks 
placed in this category would not be regarded as 
“psychomotor” by Gibbs and associates because 
of their minor nature. In part II of the paper 
the clinical and electroencephalographic aspects 
of such episodes will be discussed in more detail. 
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Clinical seizures were considered to be of the 
focal cortical or of the petit mal type, according 
to the criteria outlined by Penfield and Erick- 
son.’? Petit mal attacks are presumably due to a 
disturbance originating deep near the midline of 
the brain and as a rule are apparently represented 
in the electroencephalogram by bilaterally syn- 
chronous abnormal waves when an active dis- 
charge is present. Minor attacks commencing 
in a localized area of the cortex, such as might 
result from a discharge in the region of the left 
temporal lobe, may give rise to a transitory 
sensory aphasia (disorientation, confusion and 
transitory disturbance of consciousness). Such a 
minor attack is not usually regarded in this 
paper as a petit mal seizure but, rather, is con- 
sidered as a “psychomotor” (psychic equivalent 
or variant or amnesia attack) (see figure 3, 
case 3, for a record taken during such an attack). 
Undoubtedly, brief attacks of this type are at 
times mistaken for petit mal. However, when 
they are accompanied in the electroencephalo- 
gram by a focal cortical abnormality, their true 
nature becomes apparent, if the interpretation 
used in this paper is correct. 

Focal Cortical Seizures : Twenty-eight patients 
were regarded as having attacks the clinical pat- 
tern of which suggested a focal cortical origin. 
The electroencephalograms of 75 per cent (21 
patients) showed a relatively localized unilateral 
abnormality, and those of 2 patients with 
clinically focal seizures, bilaterally synchronous 
sharp waves. The records of 5 patients 
showed a slight diffuse disturbance. This in- 
formation, based on localization studies, indicated 
that the majority (75 per cent) of the patients 
with focal clinical seizures had a specific type 
of electroencephalogram. Classification, how- 
ever, was impossible on the basis of the form and 
pattern of the waves alone, for individual sub- 
jects presented a wide variation and intermittent 
fluctuation in these characteristics when the 
activity increased. Patients with focal seizures 
of this kind frequently had a history of psycho- 
motor attacks, “psychic equivalent or variant” 
states, episodes of “amnesia” or grand mal 
seizures ; in addition their attacks had a progres- 
sive march, and at times a distinctive aura. 
In fact, some patients, at one time or another, 
had all these forms of clinical seizures, and hence 
localization of the abnormality was the method 
of choice in classification of their disorder. 

Petit Mal Attacks: Nineteen patients had 
what were clinically called petit mal attacks. 
On the basis of studies between clinical seizures, 
the electroencephalogram of 1 of these patients 
indicated a definite localized cortical disturbance 
(and, as previously mentioned, the condition 
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should therefore probably not be classified as 
petit mal) ; 12 patients presented activity of the 
bilaterally synchronous type; 4, slight diffuse 
abnormality, and 2, normal electroencephalo- 
grams. Only 3 of these patients had petit mal 
without a history of grand mal seizures as well. 
These 3 patients showed bilaterally synchronous 
subclinical activity of the 3 per second type. 

“Psychomotor” Attacks, “Psychic Variant or 
Equivalent” states and “Amnesia”: Thirty-four 
patients gave a history of attacks of this type. 
Twelve had focal cortical abnormality in the 
electroencephalogram ; 15 bilaterally synchronous 
activity, and 7, a diffuse disturbance or a normal 
electroencephalogram. 

Grand Mal Attacks: There were 86 patients 
with a history of grand mal seizures. As a sub- 
clinical phenomenon, 24 subjects showed a local- 
ized cortical disturbance, 30, a_ bilaterally 
synchronous abnormality and 32, either a slight 
diffuse change or a normal electroencephalogram. 

Comment.—The following observations appear 
justified on the basis of the preceding data: 

When the form of clinical seizure is known, 
one may make certain limited predictions as to 
the type of electroencephalogram that will be 
found on the basis of localization studies. For 
instance, in the majority of patients (75 per 
cent) clinical focal cortical seizures were associ- 
ated with a localized cortical abnormality in the 
electroencephalogram. 

In the presence of a history of petit mal 
attacks, the abnormality was almost always of 
the bilaterally synchronous type (suggesting a 
deep origin) when an active subclinical discharge 
was present (12 of 19 patients with petit mal, 6 
of the 19 patients showing relatively no ab- 
normal high voltage potentials at the time of 
study). 

In the case of psychomotor attacks or grand 
mal clinical seizures no predictions could be 
made concerning the type of electroencephalo- 
gram (from the standpoint of localization) that 
would be associated, for all types of electro- 
encephalographic patterns, unilateral localized 
cortical, bilaterally synchronous, diffuse and 
normal, were well represented. 


RELATION BETWEEN LOCATION OF DISCHARGE 
AND TYPE OF CLINICAL SEIZURE 


Clinical Seizures Associated with a Localized 
Unilateral Cortical Type of Abnormality (30 
patients ).—Seventy per cent (21) of the patients 
who had electroencephalographic patterns of this 
type gave a clinical history of focal epilepsy. 
For 53 per cent (16) of these patients a patho- 
logic cortical lesion was demonstrated by air 
studies, operation or autopsy, and in each patient 
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the lesion was at or near the site indicated by 
the electroencephalogram. Twenty-four (80 per 
cent) of the 30 patients included in the series 
gave a history of grand mal attacks; 12 patients 
had “psychomotor” attacks, “psychic variant or 
equivalent” states or episodes of “amnesia,” 
and 1 patient, petit mal. The average age of 
the patients in this group was 25 at the time of 
study. 


Clinical Seizures Associated with Bilaterally 
Synchronous Activity (35 patients).—Thirty 
(85.7 per cent) of the patients with electro- 
encephalographic abnormalities of this type had 
grand mal seizures, and 28 (80 per cent) had 
such attacks without any clinical pattern to 
suggest an origin in a focal area of the cortex. 
Two patients (5.7 per cent) gave a history of 
attacks the focal clinical pattern of which sug- 
- gested an origin in the temporal lobe, and these 
patients had bilaterally synchronous sharp wave 
(B,) activity. Twelve (34.2 per cent) of the 
patients had petit mal, and 15 (42.8 per cent) 
“psychomotor” attacks, “psychic variant or 
equivalent” states or episodes of “amnesia.” 

Bilaterally Synchronous Three per Second 
Wave and Spike (B 3 and 1) Activity: Seven 
patients had this electroencephalographic pattern. 
All of them had grand mal attacks without local- 
izing features, and 5 gave a history of petit mal 
attacks as well. One patient also had “psycho- 
motor” episodes. 

Bilaterally Synchronous Three per Second 
(B 3) Waves: Thirteen patients showed electro- 
encephalographic patterns of this type. Nine of 
the patients had generalized grand mal seizures, 
5, petit mal seizures and 6, “psychomotor” 
attacks, “psychic variant or equivalent” states or 
episodes of “amnesia.” Three patients gave a 
history of petit mal attacks only, without any 
grand mal seizures. Patients showing the B 3 
and 1 or B 3 type of abnormality had an average 
age at the onset’ of their attacks of 12 years, and 
their average age at the time of study was 18 
years. 

Bilaterally Synchronous Sharp Waves (B 2): 
Fourteen patients had electroencephalographic 
patterns of this type. Thirteen patients gave a 
history of major seizures. Eight patients had 
“psychomotor” attacks, “psychic variant or 
equivalent” states or spells of “amnesia,” in ad- 
dition to grand mal seizures, and 2 patients had 
petit mal, as well as grand mal, seizures. In 2 
patients the pattern of the attacks was focal 
(symptoms suggesting an origin in the temporal 
lobe). 

Rhythmic Three to Six per Second (B 4) 
Waves: This pattern will be considered later. 


Clinical Seizures Associated with Slight Dif- 
fuse Abnormality or Norma] Electroencephalo- 
grams.—Thirty-five patients (35 per cent) had 
such records. As previously mentioned, it was 
difficult to draw a dividing line between many of 
the records showing a slight diffuse abnormality 
and normal electroencephalograms. This was 
equally true in clinical analysis. The patients 
have therefore been analyzed as a group. 

Thirty-two (91.4 per cent) of the patients had 
grand mal epilepsy; 7 patients had “psycho- 
motor” attacks, “psychic variant or equivalent” 
states or episodes of “amnesia” ; 6 had petit mal, 
and 5 had focal clinical seizures. Twenty-seven 
patients gave a history of grand mal without any 
clinical localizing features. 

The average age at the onset of attacks in this 
group was 26, and the average age at the time of 
study was 37. 


Comment.—From the form of the electro- 
encephalogram (classified according to localiza- 
tion of the disturbance) guarded predictions can 
be made concerning the type of clinical seizure 
with which it may be expected to be associated. 


1. When a localized cortical disturbance was 
present, one could surmise for a high percentage 
of patients (70 per cent in this study) that focal 
clinical seizures would be associated. However, 
40 per cent of these same patients had “psycho- 
motor” attacks (psychic equivalent or variant or 
amnesia states), and 80 per cent had grand mal 
episodes in addition. 


2. When bilaterally synchronous waves were 
the outstanding feature in the electroencephalo- 
gram, grand mal seizures, without localizing 
features, were the rule (80 per cent of patients), 
and petit mal attacks were common (34.2 per 
cent). Of the patients with a history of grand 
mal, 93.3 per cent (28 of 30 patients) had such 
seizures, without any clinical evidence to suggest 
that they originated in a localized area of the 
cortex. These observations are in keeping with 


the hypothesis that the origin of the electrical 


abnormality lies deep in the brain in these cases. 
“Psychomotor” seizures were also frequent (428 
per cent) in this group. 

3. Patients with normal electroencephalograms 
or a slight diffuse electrical disturbance (rela- 
tively quiescent abnormal activity) had seizures 
essentially similar to those in the preceding group 
except that clinical attacks of the focal cortical 
type were a little more frequent (14.3 per cent). 


II. WAVE PATTERNS ASSOCIATED WITH 
EPILEPSY 

Gibbs, Davis and Lennox ? and Gibbs, Gibbs 

and Lennox *® observed that certain wave pat- 

terns were present during particular types of 
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clinical attacks. An attempt to determine the 
significance of these observations, especially as 
concerns their “psychomotor” form of activity, is 
presented in this part of the paper. To begin 
with, the electroencephalographic aspects will be 
considered, and later these will be correlated with 
the clinical data. 


“PSYCHOMOTOR” TYPE OF ELECTRICAL 
ACTIVITY 


Gibbs and _  associates*® described 
“psychomotor”’ activity as consisting of 


their 


... cortical action potentials which are of high voltage 
and slow frequency—from 3 to 6 per second. There 
are series of regular, square-topped waves with the 
normal rhythm of from 8 to 10 per second still present 
on the crest. . . . At another period of the seizure the 
waves, though still of high voltage, are more irregular 
and without the crenated crests. 


Similar activity occurring as a_ subclinical 
phenomenon is also referred to as “psychomotor.” 


1 


were seen. This was also found to be true by 
Finley and Dynes.** The waves referred to as 
square topped (figs. 2 to 4, 6 and 7) usually 
alternated with smooth or sharp forms, even in 
tracings from patients with the most severe “psy- 
chomotor” clinical manifestations. 


Electrically one such discharge seemed essen- 
tially the same as another. In view of this non- 
specificity in the changes in slow potential, all 
high voltage 3 to 6 per second rhythmic wave 
discharges were classed as “psychomotor” even 
though some of them were of short duration and 
occurred only occasionally in a record. This was 
done purely to facilitate analysis, and it is 
believed that in the future it would be preferable 
to drop the term “psychomotor” in referring to 
electroencephalographic patterns. 


In the analysis to follow, slow wave patterns 
will be considered under three headings, accord- 
ing to their localization in the brain. 


2 


A 
\ \ 
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Fig. 6.—Unilateral localized cortical abnormality, illustrating the evolution of the discharge during a clinical 


attack. 


Tracings were taken simultaneously from homologous areas on the two sides of the head. The record 


was taken six minutes before (1), during (2 and 3) and four minutes after (4) a “psychomotor” clinical seizure, 
in which the patient showed mental confusion and uncontrolled movements. The lesion in this case was an area 
of cortical atrophy in the left occipitotemporal region, demonstrated by air encephalogram. The patient had fre- 
quent visual auras and occasional grand mal episodes. When his localized discharge increased in intensity, as shown 
in the present tracings, it involved the left occipitotemporoparietal region and gave rise to mirror activity in the 
opposite hemisphere. The same slow pattern, when less intense, was associated with a visual aura alone on one 
occasion. The waves are smooth topped during the height of the “psychomotor” clinical and electrical disturbance 
and later show considerable variation in form, as do most of the 3 to 6 per second potentials in other figures in 


this paper (see text). 


In the records studied in the present series, 3 
to 6 per second rhythms were a common feature 
(see percentages cited later). It was not pos- 
sible, however, to say which of these slow 
rhythmic disturbances should be classed as 
“psychomotor.” No truly square-topped waves, 


of the “textbook” form of Gibbs and Gibbs,”" 


21. Gibbs, F. A., and Gibbs, E. L.: Atlas of Electro- 


encephalography, Cambridge, Mass., Lew A. Cummings 
Co., 1941, p. 16. 


Localized Unilateral Cortical Disturbances.— 
In studying the discharges of localized cortical 
type, it was found that the abnormal waves 
occurred at random, as described by Jasper and 
Kershman.’* However, in over 50 per cent of 
the 30 patients showing this form of abnormality 
it was noted that the random potentials were re- 
placed at some time during the recording by 
rhythmic trains of high voltage slow waves, with 
a frequency of 3 to 6 per second. In the records 
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of 5 patients the slow rhythmic waves occurred 
frequently and for many seconds at a time. In 
the other records these discharges were in- 
frequent'and of shorter duration. However, it 
is believed that all these discharges were es- 
sentially the same as those described as “psycho- 
motor” by Gibbs, Gibbs and Lennox * (figs. 2, 
6 and 7), although the waves were not always 
square topped. Such slow rhythms were es- 
pecially likely to occur when the activity in- 
creased in intensity (voltage) and spread to 
involve a somewhat larger area of cortex (so 
long as it did not become generalized, as in a 
grand mal attack). In approximately 50 per 
cent of the patients presenting this phenomenon 
(localized unilateral rhythmic discharges of 3 to 
6 per second waves), the discharge was brought 
about by hyperventilation. In the others it 


NEUROLOGY 


AND PSYCHIATRY 


per second. At the onset of the clinical attack 
the random waves were replaced by higher 
voltage smooth potentials at 3 to 7 per second, 
as shown in figure 6. During the period of high 
voltage discharge, and for a short period there- 
after, the patient became confused and out of 
contact and attempted to pull the electrodes off 
his head. He had what could be termed a 
“psychomotor” attack. It is interesting that his 
clinical manifestations were unlike his usual 
seizures, which as a rule consisted of a visual 
aura, at times followed by a grand mal con- 
vulsion. In the episode described the temporal 
lobe, as well as the occipitoparietal region, was 
involved, and some mirror activity appeared in 
the opposite hemisphere. 

Another patient had a_ subclinical localized 
cortical type of disturbance in the left temporal 
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Fig. 7.—Records 1 to 4 show the evolution of a localized unilateral cortical discharge during the onset of a 


grand inal seizure. 


later he had a grand mal tonic and clonic convulsion. 


The abnormal (fast) activity became generalized, as will be seen in record 4. 
point the patient mumbled incoherently and lost consciousness ; 


At this 
the head turned to the right, and a few seconds 


Before the onset of generalized fast activity, slow rhythms were present and alternated with fast (high fre- 


quency) wave discharges (see text). 


Record 1 was taken one hundred and eight seconds before record 2 and record 2, fifty-four seconds before 
record 3. There was an interval of eighteen seconds between records 3 and 4. The patient had hyperventilated 


for three and one-half minutes at the onset of tracing 4. 


occurred spontaneously. Examples of these slow 
wave patterns are shown in figures 2 (cases 1, 
4, 6, 7 and 8), 6 and 7. 

The rhythmic waves just described were all 
noted subclinically in patients who did not have 
a clinical seizure for at least twenty-four hours 
before or after the tracing had been taken. 

In 1 patient similar 3 to 6 per second waves 
were recorded during a clinical attack. This 
subject, as a subclinical phenomenon, presented 
a localized unilateral cortical discharge of 
random waves (from the left occipitotemporal 
region), which at intervals became of higher 
voltage and rhythmic, with a frequency of 3 to 6 


region, made up of random waves which at 
intervals, as in thé other case, became rhythmic 
and of higher voltage, with a frequency of 3 to 6 
per second. This patient had a sudden change 
in his cortical potentials during the taking of the 
tracing, as shown in figure 7. As will be seen, 
the random unilateral waves were replaced by 
rapid ones, which became intermittently rhythmic 
at 3 to 6 per second, and three seconds later high 
voltage fast waves spread over the entire head. 
Clinically the patient exhibited a fixed stare just 
preceding the appearance of the high voltage 
generalized fast waves; his head turned to the 
right, and he then had a grand mal seizure. 
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The clinical significance of these observations 
will be considered later. 


Bilaterally Synchronous Cortical Activity.— 
In over 65 per cent of patients (9) presenting 
bilaterally synchronous potentials of the sharp 
wave (B 2) type, particularly over the temporal 
lobes, rhythmic trains of high voltage waves at 
3 to 6 per second occurred at some time during 
the taking of the electroencephalogram. The 
patterns formed were similar to those called 
“psychomotor” by Gibbs, Gibbs and Lennox.*? 
The tracing in figure 3, case 3, illustrates such 
activity. 

Three per Second Wave and Three per Second 
Wave and Spike Pattern: In the records of 
patients with bilaterally synchronous 3 per 
second wave and spike patterns it is not un- 
common (2 of 7 patients) to see trains of 3 per 
second smooth or square-topped waves as a sub- 
clinical phenomenon (fig. 4, 3). There does not 
appear to be any fundamental difference between 
these 3 per second waves (especially the square- 
topped forms) and the rhythms described as 
“psychomotor” by Gibbs, Gibbs and Lennox 
(fig. 3, tracing 18°”). The same may be said 
of the 3 per second smooth and square-topped 
waves seen in the electroencephalograms classi- 
fied as showing 3 per second wave activity (fig. 
3, case 5). All such disturbances have therefore 
been classified as being of “psychomotor” type. 


Comment.—From the observations just stated, 
it appears that “psychomotor” (3 to 6 per second 
wave) patterns are common (present in the 
records of over 50 per cent of patients with high 
voltage epileptic disturbances) and may occur in 
a localized unilateral cortical discharge, in one 
arising deep in the brain in the neighborhood of 
the temporal lobes or in one apparently originat- 
ing near the midline. Such patterns, therefore, 
have no specific location of origin in the brain. 
Localization of these potential changes, then, 
would be one method of classifying them. 


POSSIBLE CLINICAL SIGNIFICANCE OF CERTAIN 
WAVE PATTERNS IN THE ELECTRO- 
ENCEPHALOGRAM 


Exception has been taken to the use of clinical 
terms, such as “psychomotor,” petit mal and 
grand mal, to describe certain patterns in the 
electroencephalogram.*? This criticism is based 
on the fact that similar electrical disturbances are 
seen as a subclinical phenomenon in patients who 
never had clinical seizures of the type implied 
by the name used to describe the changes in the 
electroencephalogram. 


22. Finley.1? Finley and Dynes.1¢ Jasper and Kersh- 
man.4 


The important observation of Gibbs and asso- 
ciates *» remains true, however, namely, that cer- 
tain electroencephalographic patterns frequently 
occur during particular types of clinical seizures. 
There must be some explanation for these 
phenomena. A hypothesis is advanced in the 
“Summary” which may explain their association. 

In the next paragraph is considered the ques- 
tion of what clinical manifestations may be in- 
cluded under the term “psychomotor.” An 
attempt is then made to determine what relation 
exists between “psychomotor” subclinical dis- 
charges and “psychomotor” clinical seizures. 
The significance of the observations will be left 
for consideration in the final discussion, in which 
the possible significance of electroencephalo- 
graphic patterns associated with petit mal and 
with grand mal seizures will also be analyzed. 


“Psychomotor” Clinical Seizures—The clini- 
cal seizures associated with this form of elec- 
trical activity, it will be recalled, were described 
by Gibbs, Gibbs and Lennox *” as of “psycho- 
motor,” “psychic variant or equivalent” or 
“amnesia” type. 


Now it’ appears, if my interpretation is cor- 
rect, that not a specific type of epileptic seizure, 
but a wide variety of epileptic manifestations, 
is represented by these clinical terms. 

In the first place, many episodes termed 
“psychomotor” are in reality expressions of 
automatism, as pointed out by Penfield and 
Erickson. Such attacks are apparently usually 
(but not necessarily always) release phenomena, 
either during (ictal) or after (postictal) an 
epileptic discharge. 

In addition to episodes of automatism, it seems 
that certain psychic seizures usually regarded as 
arising in the temporal lobes, attacks of sensory 
aphasia and, in fact, any seizure (apart from 
typical petit mal) accompanied by mental con- 
fusion (transitory or otherwise) that is not 
immediately associated with a clonic or general- 
ized convulsion must be included with the 
“psychic variant or equivalent” or the “amnesia” 
type. Such an interpretation has been used in 
naming and classifying seizures in this paper, and 
as a result all such clinical episodes are referred 
to at times as “psychomotor,” for the sake of 
convenience. 


CORRELATION OF CLINICAL MANIFESTATIONS AND 
LOCATION OF “PSYCHOMOTOR” DISTURBANCES 


“Psychomotor” Clinical Seizures and Local- 
ized Unilateral Cortical Discharges——Of the 30 
patients with cortical discharges of this type in 
the electroencephalogram, 12 gave a history of 
“psychomotor” attacks, “psychic equivalent or 
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variant” states or episodes of “amnesia.” Nine 
of these patients had subclinical 3 to 6 per second 
rhythmic wave patterns in their electroencephalo- 
grams, and 3 of them did not show such changes. 
It will be remembered that at least 15 (50 per 
cent) of the 30 patients with localized cortical 
activity had 3 to 6 per second discharges (figs. 
2, 6 and 7). Therefore 6 patients had these 
electrical disturbances without any history of 
psychomotor or variant clinical seizures. In the 
electroencephalograms of 5 patients (as previ- 
ously mentioned) the psychomotor electrical 
pattern was a prominent feature in contradis- 
tinction to those showing only brief trains of 
rhythmic 3 to 6 per second waves. Four of 
these 5 patients gave a history of clinical 
symptoms of a more pronounced “psychomotor” 
nature than any of the other patients with 
similar episodes. 

For the 9 epileptic patients who had both 
electrical and clinical “psychomotor” patterns, 
the location of the abnormal discharges was as 
follows: left temporal region, 4 patients; left 
frontal lobe, 1 patient, and left parietal or 
occipital lobe in the region of the left angular 
gyrus, 4 patients. Of the patients with rhythmic 
3 to 6 per second waves, but without clinical 
“psychomotor” symptoms, the disturbance was 
localized as follows: left temporal region, 1 
patient; right frontal region, 1 patient; left 
parietal region, 2 patients; right parietal region, 
1 patient, and left occipital region, 1 patient. 

Psychomotor Seizures and Bilaterally Syn- 
chronous Sharp Waves (B 2 Activity).—As 
previously stated, over 65 per cent (9) of the 
14 patients with electroencephalograms showing 
bilaterally synchronous sharp waves over the 
temporal lobes had rhythmic wave discharges at 
a rate of 3 to 6 per second at some time during 
the recording. Eight of the 14 patients (with 
bilateral sharp wave activity) had a history of 
“psychomotor” clinical attacks, and 5 of these 
8 patients had 3 to 6 per second rhythmic 
potential changes as well. Four patients with 
3 to 6 per second waves had no history of 
“psychomotor” clinical attacks, and the slow 
rhythmic patterns were somewhat less prominent 
in these persons. 
~ Psychomotor Seizures and Three per Second 
Wave (B 3) and Wave and Spike (B 1 and 3) 
Activity—Of the 7 patients with subclinical 
3 per second wave and spike patterns, only 1 
gave a history of “psychomotor” clinical 
seizures. Six patients, however, of the 13 
patients from whom bilateral 3 per second waves 
were obtained had such clinical episodes. It is 
debatable whether 3 per second smooth waves 
should be regarded as “psychomotor” in type. 


It is true, however, that the smooth wayes 
frequently changed from moment to moment to 
the square-topped form typical of the “psycho- 
motor” patterns, as shown by Gibbs and asgo- 
ciates (fig. 3, tracing 18°) and illustrated here 
(fig. 3, case 5). The “psychomotor” symptoms 
presented by-most of these subjects could be 
described as of the behavior problem type or as 
periods of mental dulness. 

In the group under discussion, square-topped 
3 per second waves, as shown in figure 3, case 
5 and figure 4, 3, were as common in patients 
with “psychomotor” clinical seizures as in those 
with no history of them (see “Comment” and 
“Summary” for further consideration of the 
significance of these observations. ) 


POSSIBLE SIGNIFICANCE OF FREQUENCY IN 
ELECTROENCEPHALOGRAPHIC DISTURBANCES 


Partly because slow rhythmic waves accom- 
pany psychomotor seizures and fast potentials 
grand mal attacks, it has been suggested that 
“high frequencies produce overactivity and slow 
frequencies underactivity.” *® If this observa- 
tion is correct, it would have a fundamental 
bearing on the interpretation of the electro- 
encephalogram and therefore deserves careful 
consideration. 

It is well known that when the abnormal 
activity in any case of epilepsy becomes 
generalized and results in a grand mal attack, 
the onset of the convulsion is frequently accom- 
panied by high voltage fast waves (as described 
by Gibbs, Gibbs and Lennox *”). But at this 
stage of the episode the patient usually loses 
consciousness. In other words, the “high fre- 
quency” waves are accompanied by, or produce, 
underactivity (loss of consciousness), rather 
than overactivity, as suggested in the preceding 
paragraph. 

Leading up to this stage in an epileptic seizure, 
it is not uncommon to see bursts of high voltage 
fast waves alternating with slow rhythmic 
potentials at 3 to 6 per second (fig. 7). To 
explain this phenomenon on the basis of the 
hypothesis under discussion, overactivity would 
have to alternate with underactivity every few 
seconds. No evidence to support this assump- 
tion has been found. 

It will also be remembered that during the 
violent clonic phase of a convulsion slow 
rhythmic high voltage waves are a common 
feature of the electroencephalogram. This is also 
true during a “psychomotor” seizure, in which 
clouding of consciousness (underactivity) may 
be accompanied by rage or excessive activity in 
the motor sphere (as in the case illustrated in 
figure 6). It seems that in both these states it 
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might be argued that slow frequencies (waves) 
produce, or are associated with, overactivity, 
than underactivity. 

Why high frequency potentials often accom- 

ny the onset of a grand mal seizure is not 
definitely established. It appears, however, that 
when the disturbance spreads rapidly, as in such 
a seizure, the cortical cells may behave in one of 
two ways: (a) They may fire off at relatively 
high frequencies and independently (at different 
rates), producing an asynchronous fast wave 
discharge (as shown in figures 7 and 8), or (b) 
they may discharge rhythmically and at high 
frequencies, apparently in a truly synchronous 
manner (comparable to that shown in figure 8). 


of the cortex (during the clonic phase of the 
attack) may show rhythmic periods of activity 
and rest, so that masses of cells fire simultane- 
ously and then become quiescent; i. e., the 
rhythm (frequency of the waves) slows. 

This tendency for a slow rhythm to appear 
seems characteristic of most abnormal electrical 
disturbances in the brain of epileptic patients 
when large masses of cells are involved in intense 
activity for any appreciable length of time. Such 
slow frequency waves seem to produce under- 
activity (in an epileptic attack), but only in the 
sense that physiologic function is disturbed when 
a large portion of the brain is taken over by ex- 
cessive abnormal activity. 


Fig. 8—I A, insert a, and J B, to the left of the arrow, are examples of asynchronous discharges of impulses 
in nerve when steady tension is applied to the gastrocnemius muscle of the frog. The insert in J B shows 
the base line of the record before stretch was applied. 

In J A and B, at the arrow in each case, are seen synchronous discharges of impulses from the stretch 
receptors when a tuning fork is applied to a string attached to the tendon of the gastrocnemius muscle. 

In II, tracing 4 at S shows the type of waves produced by individual nerve impulses from a single receptor 
(in a frog’s toe muscle). Tracing 1 and 2 at S show the type of waves resulting from the synchronous 
response of two receptors (see original article for further explanation). In each case the waves are of 
approximately the same duration regardless of the number of units involved and vary only in amplitude. 
This is in contrast to the waves in epilepsy, which usually become “slow” when large numbers of units 
discharge simultaneously (see text). The time marker indicates one-fifth second intervals (from Echlin, F., 
and Fessard, A.: J. Physiol. 93:312-334, 1938). 


The rate of this discharge may be the same as 
the normal alpha or beta rhythm or may occur 
at a higher frequency. Other aspects of this 
hypothesis are discussed in more detail later. 
After this stage in the evolution of the dis- 
turbance in a grand mal convulsion, large areas 


In addition to the aforementioned observa- 
tions, it should be noted that when one speaks 
of slow frequencies, one is referring to dis- 
charges of slow waves and not to the frequency 
of nerve impulses. As pointed out later, these 
slow potentials (in epileptic patients) are ap- 
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parently usually made up of high frequency dis- 
charges from individual neurons. The separate 
waves are due to the summation effect of a 
large number of these cells firing simultaneously, 
but apparently at high frequencies. The term 
“slow frequency discharge” in this sense is there- 
fore misleading, for the individual neurons in 
such a “slow frequency” disturbance may be 
firing at as high rates as, or at higher rates than, 
those in a so-called fast wave discharge. 

The observations just reported pertain to the 
abnormal high voltage electrical activity in the 
records of epileptic patients, and it is not dis- 
puted that in a nonepileptic discharge an increase 
or a decrease in frequency of the cortical 
potentials over that usually regarded as normal 
might produce the effects suggested by Gibbs.** 


SYNCHRONOUS AND ASYNCHRONOUS DISCHARGES 
ASSOCIATED WITH EPILEPSY 


The nature of the nerve impulse discharges 
which go to make up the various abnormal 
waves that may be recorded from the brains of 
epileptic patients is of considerable interest. 

Adrian and Matthews * originally suggested 
that the alpha rhythm (8 to 13 per second) 
normally seen in the electroencephalogram was 
the result of the synchronous discharge of large 
numbers of cells (fiting at their normal fre- 
quency of 8 to 13 per second) in the region of 
the occipital lobes when these areas were at rest 
or were freed from the bombardment of visual 
afferent impulses when the eyes were closed. 
Jasper and Nichols? and Jasper and Kershman‘* 
extended this hypothesis to include the high 
voltage waves seen in the records of epileptic 
patients. One of the features of the electro- 
encephalogram of such patients is the presence 
of recurring outbursts of large voltage waves, a 
phenomenon described by these authors as 
paroxysmal hypersynchrony. 

Before the waves in epilepsy are considered in 
detail, it is perhaps well to consider what is 
meant by a synchronous as opposed to an 
asynchronous discharge. The example to be 
given deals only with a fast wave disturbance, 
in which each receptor contributes only one 
impulse to each wave in the discharge. 

_ Figure 8, 1, shows the type of disturbance 
which results when the gastrocnemius muscle (in 
a frog) is stretched with a steady tension. In 
this case the many receptors in the muscle send 


23. Gibbs, F. A.: Interpretation of the Electro- 
encephalogram, J. Psychol. 4:365-382, 1937. 

24. (a) Adrian, E. D., and Matthews, B. H. C.: 
Interpretation of Potential Waves in Cortex, J. Physiol. 
88: 440-471, 1934; (b) The Berger Rhythm: Potential 
Changes from the Occipital Lobes in Man, Brain 57: 
355-385, 1934. 


out impulses at different frequencies, and the 
resulting discharge is a low voltage asynchronoys 
one. The same type of asynchronous discharge 
of impulses occurs each time the muscle js 
stretched (unless the period of stretch is brief, 
as in the case cited in the next paragraph), 
This is true, for instance, if tension is applied 
to the muscle intermittently (rhythmically) at 
a rate of 3 per second (each stretch lasting ap. 
proximately one-third second). In this case one 
might argue that the activity occurs syn- 
chronously in each receptor and that the periods 
are synchronized with the pacemaker (at 3 per 
second). However, although the periods of 
activity are approximately the same for all re- 
ceptors, the rate of discharge of impulses from 
each unit is different, and the resulting change 
in potential is the product of an asynchronous, 
and not a synchronous, discharge. 


Now, if the muscle is stretched intermittently 
by a rapid vibrating stimulus (such as that from 
a tuning fork with a rate of, say, 128 per second), 
most of the individual stretch receptors fire off 
impulses at the same rate (at the frequency of 
the fork, each receptor usually contributing one 
impulse at each vibration), and thus a truly 
synchronous discharge occurs, which in this 
instance is composed of high voltage fast waves 
occurring in rhythmic fashion. Each wave in 
the illustration shown is of approximately the 
same duration as that from a single impulse 
(fig. 8) and varies in height (voltage) accord- 
ing to the number of impulses contributing. In 


‘the case just given, unlike that cited in the 


previous paragraph, the discharge of impulses, 
as well as the period of activity, from each re- 
ceptor is synchronized with the discharges from 
the other receptors and, also, with the tuning 
fork (pacemaker). 

In the electroencephalogram associated with 
epilepsy, as mentioned previously, one sees 
occasional rhythmic series of high voltage fast 
waves. These are apparently true synchronous 
discharges, similar to the potential shown in 
figure 8. Individual high voltage spikes or 
multiple spikes are also apparently due to 
the synchronous discharge from a number of 
nerve cells and are therefore presumably the 
product of hypersynchrony. 

Whether such an explanation, however, as 
implied by Jasper’s 7° term “paroxysmal hyper- 
synchrony,” is sufficiently explanatory when 
applied to epileptic discharges in general appears 
to depend partly on the nature of the slow 
potential changes in the cortex. With the ex- 


ception of “spikes” and certain fast waves, the 


25. Jasper and Kershman.* Jasper and Nichols.” 
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majority of the waves recorded from the cortex 
of epileptic patients are slow. There is some 


doubt concerning the origin of these slow waves. - 


Gerard and Libet ** apparently concluded that 
individual nerve cells may give rise to slow elec- 
trical potentials and that synchronous action of 
a group of such cells may produce a slow wave 
which is a close replica of that from a single cell 
except that it is of greater voltage. Adrian and 
Matthews *“* pointed out that the activity of 
cortical neurons consists of a series of brief 
pulsations. The existence of slow waves in 
experimental epilepsy, they stated, implies 
asynchronous discharges in the different parts of 
the area which contributes to the potential gradi- 
ent. From this point of view, the slow waves 
are summation effects of an excessive discharge 
of a large number of neurons firing asyn- 
chronously (at different frequencies), and the 
response of each unit bears no resemblance to 
them. Adrian and Matthews ** stated, however, 
that there must be a general agreement in the 
periods of rest and activity over considerable 
areas of cortex, although the neurons in these 
areas are not pulsating in phase. In epileptic 
human subjects the presence of smaller waves, 
which are often superimposed on the crest of 
the slow potentials, favors this theory of 
asynchronous firing of the individual units which 
go to make up the slow waves (figs. 2 and 4). 

These observations are supported by more 
recent ones, in which Adrian and Moruzzi ”’ 
(recording from single fibers in the pyramidal 
tracts of animals) demonstrated that the cortical 
waves in experimental epilepsy are usually sum- 
mation effects from neurons firing impulses 
asynchronously, at frequencies sometimes as high 
as 500 to 1,000 per second. 

If my interpretation of the observations of 
Adrian and his co-workers ** is accurate, the 
term paroxysmal hypersynchrony (although of 
course correct) is not sufficiently explanatory of 
the physiologic mechanism concerned in the 
production of most of the recurring or 
paroxysmal high voltage slow potentials which 
can be recorded from the brains of epileptic 
patients. 

It is true that the periods of abnormal activity 
in the various neurons (contributing to a slow 
potential) may occur synchronously with one 
another and with the so-called pacemaker (show 
periodic simultaneous intervals of activity and 


26. Gerard, R. W., and Libet, B.: On the Unison 
of Neurone Beats, in Ozoro de Almeida, A., and Ozorio 
de Almeida, M.: Livro de Homenagem, Rio de Janeiro, 
Brazil, 1939. 

27. Adrian, E. D., and Moruzzi, S.: Impulses in 
Pyramidal Tract, J. Physiol. 97:153-199, 1939.’ 

28. Adrian and Matthews.24 Adrian and Moruwzzi.27 


rest, i. e., hypersynchrony, as suggested by 
Jasper and associates **) but the resulting trains 
of nerve impulses in the separate axons ap- 
parently occur at different frequencies (as in 
the case of the activity of muscle receptors to 
relatively prolonged stretch), and the composite 
discharge of impulses (which presumably also 
contributes to the slow wave) is therefore 
asynchronous. 


COMMENT 


Although this study is based on a small num- 
ber of patients (100), certain observations ap- 
pear justified. 

In only a little over 65 per cent of the patients 
with convulsive seizures studied were paroxys- 
mal high voltage waves present in the tracings 
taken between clinical attacks. The remaining 
patients had either a normal electroencephalo- 
gram (20 per cent) or a slight diffuse abnor- 
mality, consisting chiefly of low voltage waves 
(15 per cent). With the exception, perhaps, of 
bilaterally synchronous 3 per second wave and 
spike discharges, the subclinical electrical abnor- 
malities recorded could not be regarded as specific 
for epilepsy, and a diagnosis of epilepsy on the 
basis of the electroencephalogram alone was 
therefore rarely felt to be justified. 

Probably the chief value of the present inves- 
tigation is that it corroborates in large part the 
observations of Jasper and Kershman*‘ that 
electroencephalograms taken from epileptic pa- 
tients between seizures may be classified on the 
basis of localization studies into four groups, 
namely, (1) localized unilateral cortical abnor- 
malities, (2) bilaterally synchronous abnormali- 
ties, (3) diffuse abnormalities and normal 
electroencephalograms. 

The fact that convulsive states may be classi- 
fied with considerable accuracy according to 
localization studies, in this manner, is of value 
from a clinical standpoint and, in addition, 
throws light on certain aspects of the physiologic 
mechanism of epilepsy. The observations re- 
ported are in keeping with the hypothesis that 
the discharge in most patients with epilepsy 
(over 65 per cent) may originate as a relatively 
focal or local disturbance and then, under cer- 
tain circumstances, spread to other regions of 
the brain. The clinical manifestations resulting 
from such abnormal or excessive electrical 
activity appeared to depend largely on the func- 
tion of the areas of the brain involved or influ- 
enced (and the intensity of the discharge). In 
other words, a correlation was found to exist 
between the patient’s type of epileptic seizure 
and the location of his abnormal discharge (as 
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demonstrated by Jasper and Kershman,‘ Penfield 
and Erickson * and others). 


The possible significance of the various wave 
forms and electrical patterns, the frequency of 
the waves seen in the electroencephalogram and 
certain physiologic mechanisms concerned in the 
production of these abnormal potentials will 
now be discussed briefly. 


FOCAL OR LOCAL NATURE OF 
DISCHARGES 


EPILEPTIC 


With regard to the evidence in favor of the 
localized origin of the different disturbances, 
one may consult the paper by Jasper and Kersh- 
man* and the recent book by Penfield and 
Erickson." 


There is no doubt that the attacks of a large 
number of epileptic subjects (30 per cent in the 
present selected series) have a localized unilat- 
eral cortical origin, as demonstrated by Golla, 
Graham and Walter’; Jasper and Hawke; 
Case and Bucy *°; Jasper and Kershman ‘*; Pen- 
field and Erickson * ; Gibbs, Merritt and Gibbs,?” 
and others. Evidence that the bilateral syn- 
chronous waves (35 per cent of patients in this 
study) originate in, or are controlled from, a 
relatively localized area, deep in the brain, either 
near the midline or in the neighborhood of one 
of the temporal lobes, has been discussed at 
length by Jasper and Kershman* and Penfield 
and Erickson, and I shall not repeat it here, 
except to say that the electrical and clinical 
observations in this study are in keeping with 
the hypothesis expressed by these authors. 


There is evidence (page 275) that the slight 
diffuse disturbance noted in 15 per cent of the 
patients (with abnormality relatively quiescent 
at the time of study) may occasionally be due 
to a feebly discharging area deep in the brain. 
Such an abnormality might, therefore, at times 
also be regarded as having a relatively local 
origin. 

As already mentioned, the records of 20 per 
cent of the patients were considered normal. 
The epileptic discharges in these patients were, 
therefore, inactive at the time of study, and no 
conclusions can be drawn regarding the source 
of their seizures except from clinical criteria. 


In summary, it may be stated that the obser- 
vations are in keeping with the hypothesis that 
most epileptic discharges (over 65 per cent) 
apparently arise as relatively local or focal dis- 
turbances in the brain and that localization of 
these changes in potential by means of the elec- 
troencephalogram serves as one basis for classi- 
fication of the epilepsies. 


POSSIBLE SIGNIFICANCE OF WAVE FORMS ANp 
PATTERNS IN THE ELECTROENCEPHALOGRAM 


In the body of the paper, the observations 
concerned with the electrical and clinical pat. 
terns of so-called psychomotor, petit mal and 
grand mal were reported and commented on, 
These observations will be reviewed and dis- 
cussed here. 


Gibbs, Davis and Lennox? and Gibbs, Gibbs 
and Lennox *” were the first to report that 3 
per second wave and spike patterns occurred 
during petit mal attacks; 3 to 6 per second, 
frequently square-topped, potentials, during 
“psychomotor” episodes, “psychic variant or 
equivalent” states or seizures of “amnesia,” and 
high voltage fast waves, during episodes of 
grand mal. 

It should be reemphasized here that the pres- 
ent report (as well as the much more extensive 
one of Jasper and Kershman *) is based largely 
on a study of electroencephalograms taken be- 
tween seizures, and hence the results do not con- 
flict with the important observations of Gibbs and 
associates,”® during clinical attacks. The use-of 
clinical terms like petit mal, psychomotor and 
grand mal to describe subclinical electrical pat- 
terns, however, is perhaps misleading, since such 
abnormalities occur in the electroencephalograms 
of patients who do not have attacks of the type 
implied, as demonstrated in this series and by 
Jasper and Kershman,* Finley and Dynes,” 
Finley ** and others. 


So-Called Psychomotor Clinical and Electrical 
Patterns.—Slow rhythmic high voltage waves at 
3 to 6 per second were present at intervals in the 
records of over 50 per cent of the epileptic pa- 
tients from whom high voltage abnormal waves 
were recorded. These slow rhythmic patterns 
were found in discharges arising from a unilat- 
eral localized area in the cortex, as well as in 
disturbances originating deep in the region of 
a temporal lobe or apparently deep near the 
midline of the brain (figs. 2 and 4). 


Electrically there did not seem to be any funda- 
mental difference between one. of these slow 
rhythmic disturbances and another. The shape 
of the individual waves in most cases fluctuated 
from moment to moment from a sharp to a 
smooth or a square-topped form. This fluctuation 
in form appeared to depend chiefly on the chang- 
ing intensity of the discharge, on its position in 
the brain and its relation to the recording elec- 


29. Gibbs, Davis and Lennox.? 
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trodes and on the degree of synchronization of 
the units participating. That the potentials in 
certain instances at intervals presented a square 
top did not in itself appear a sufficient criterion 
to warrant the separation of these records from 
the others, into a so-called psychomotor group. 
Actually, square-topped forms were almost as 
common in the records of patients with no history 
of psychomotor seizures as in those of patients 
with such seizures. 


In the present study, all high voltage 3 to 6 per 
second rhythmic slow potentials have been classi- 
fied as “psychomotor” disturbances to facilitate 
analysis. This seems justified because of the 
essential similarity of these abnormalities, but it 
is suggested that in the future it might be pref- 
erable to drop the term “psychomotor” in de- 
scribing these electrical patterns. 


Only about 55 per cent of patients with high 
voltage rhythmic 3 to 6 per second waves had 
what might be termed clinical attacks of “psycho- 
motor,” “psychic variant or equivalent” or 
“amnesia” type.*® All these subjects had other 
forms of clinical epileptic seizures, in addition to 
their “psychomotor” episodes. From this it is 
evident that 3 to 6 per second waves of the 
“psychomotor” type are common in a wide 
variety of epileptic discharges, that they have no 


specific site of origin in the brain and that they © 


do not necessarily mean that a patient will have 
psychomotor clinical seizures. In other words, 
they are not specific for this type of attack. This 
is in keeping with the fact that they are seen 
during sleep and anesthesia and in animals, as 
well as in persons with no history of epilepsy, as 
reported by Finley and Dynes.*® 

The clinical manifestations which accompanied 
3 to 6 per second waves varied widely in the cases 
presented in this paper. Even those episodes 
classified as psychomotor attacks, psychic equiva- 
lent or variant states or amnesia have not con- 
formed to any specific pattern. In fact, it was 
felt necessary to include under this type all at- 
tacks (other than true petit mal) in which the 
patient showed a clouding of consciousness (tran- 
sitory or otherwise), providing there was not an 
accompanying grand mal or jacksonian motor or 
sensory seizure. The reason for this variation in 
symptoms associated with 3 to 6 per second waves 
appeared to depend largely on the location and in- 
tensity of the electrical disturbance. 


It is apparent that in an epileptic subject abnor- 
mal electrical activity of the slow rhythmic type 
would disturb physiologic function in the cells 
participating if its intensity was sufficiently great. 
If the area of brain involved in such a disturbance 
was large enough or was concerned with higher 


intellectual function (such as the left temporal 
lobe), it is easy to see how clouding of conscious- 
ness (psychomotor variant, psychic equivalent or 
variant or amnesia) might occur unless uncon- 
sciousness supervened. Similar activity confined 
to.a more “silent” area, however, such as the 
right frontal or right temporal lobe, might give 
rise to few or no clinical manifestations unless 
the disturbance spread, when a_ generalized 
seizure, with or without a “psychomotor” ele- 
ment, might be the outcome. 


Many instances of “psychomotor” clinical at- 
tacks arising from unilateral localized cortical 
areas and from a focus deep in the brain have 
been given in the body of the paper. All these 
“psychomotor” clinical episodes differed from 
one another. Perhaps the one thing in common 
to all the episodes included under this heading 
was the occurrence of some disturbance of con- 
sciousness, transitory or otherwise. 


There are other examples of the wide variation 
of manifestations that may accompany these slow 
rhythmic waves. Jasper and associates,*° for in- 
stance,reported bilateral rhythmic slow potentials 
in the records of a group of behavior problem 
children, and Putnam and Merritt ** observed 
similar wave patterns for patients showing only 
periods of mental dulness. It appears that the 
location and the intensity of the disturbance must 
have played at least a considerable part in deter- 
mining the variability in the symptoms presented 
by these different subjects. 

Although it seems that rhythmic 3 to 6 per sec- 
ond waves may from time to time appear in al- 
most any high voltage epileptic discharge, it 
remains to be explained why only a few people 
have these rhythmic potentials as a prominent 
feature of their electroencephalograms. It was 
the few persons with such an electrical pattern in 
this study who had most pronounced “psycho- 
motor” symptoms, an association pointed ‘out by 
Gibbs, Gibbs and Lennox.*® This was par- . 
ticularly true when the electrical abnormality in- 
volved the left temporal lobe or arose deep in the 
brain. 


The So-Called Petit Mal Type of Disturbance. 
—The 3 per second wave and spike pattern is 
apparently the electrical abnormality usually, if 
not always, present during petit mal seizures, as 
originally reported by Gibbs, Davis and Lennox * 
and corroborated by Jasper and Kershman * and 


30. Jasper, H. H.; Solomon, P., and Bradley, C.: 
Electroencephalographic Analyses of Behavior Problem 
Children, Am. J. Psychiat. 95:631-658, 1938. 

31. Putnam, T. J., and Merritt, H. H.: Dulness as 
Epileptic Equivalent, Arch. Neurol. & Psychiat. 45: 
797-813 (May) 1941. 
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others. The few patients whom my associates 
and I studied during clinical attacks showed 
typical 3 per second waves and spikes. 

Patients with such electrical patterns (sub- 
clinical or clinical) apparently have essentially 
the same type of epilepsy (with respect to the 
location of the discharge) regardless of whether 
or not they have a history of clinical petit mal 
attacks, for in all patients presenting such bilat- 
erally synchronous potentials the origin of the 
disturbance appears to be in a deep central mid- 
line area. When the discharge in such a patient 
is of a certain intensity, he may become irritable 
and present the picture of a “behavior problem.” 
When the voltage of the waves shows a decided 
increase for a brief period, a petit mal seizure 
may result. On the other hand, if the electrical 
activity becomes more intense still and is pro- 
longed, a generalized grand mal episode without 
localizing features results (as pointed out by 
Jasper and Kershman‘*). Certain persons with 
subclinical 3 per second waves and spikes have 
only grand mal attacks, presumably because 
when the electrical activity increases in intensity 
sufficiently to produce clinical symptoms, it al- 
ways does so in an intense and persistent man- 
ner. Theoretically, however, these persons could 
have a petit mal attack if at any time a brief in- 
tense discharge should occur. 

All these clinical seizures are characterized by 
their generalized nature, and there is nothing in 
their clinical pattern to suggest that they may 
have originated in a localized area of the cerebral 
cortex. This is in keeping with the hypothesis 
of the origin of the activity in a deep central 
midline area (as indicated by the work of Jasper 
and Penfield and associates **). 

Such a hypothesis suggests that although a 3 
per second wave and spike pattern (in an epileptic 
patient) does not always mean that he has petit 
mal epilepsy, it indicates that he has a specific 
form of epilepsy with respect to the location of 
the abnormality, and hence the observation of 
Gibbs, Davis and Lennox ? is fundamental if one 
agrees to disagree over terminology. 


So-Called Grand Mal Activity.—In the elec- 
troencephalograms studied in this investigation 
it was not possible to determine whether the 
presence of high voltage fast waves between 
clinical attacks indicated that the patient had 
grand mal epilepsy. High voltage potentials at 
15 to 50 per second occurred as a subclinical 
phenomenon in over 5 per cent of the records, 
but little significance could be attached to this 
observation since 86 per cent of all the patients 
included in the series gave a history of grand 
mal seizures. That subclinical high voltage fast 


waves are not specific for any form of epileptic 
attack is, however, indicated by the work of 
Finley,’ who reported their presence to be more 
frequent in association with neurosyphilis and 
affective psychoses than with grand mal. 


This, of course, does not invalidate the obser- 
vation of Gibbs and his associates that actual 
clinical grand mal seizures are accompanied by 
fast potentials of high voltage. This was true for 
the 3 patients from whom we obtained tracings 
during a major convulsion. 


SUMMARY 


The electroencephalograms of 100 patients 
with recurrent epileptic seizures could be classi- 
fied with considerable accuracy according to the 
classification of Jasper and Kershman,* which 
is based on the localization of the discharge. The re- 
sults of the study are in keeping with the hypoth- 
esis that most epileptic discharges (over 65 per 
cent) apparently arise as local or focal disturb- 
ances in the brain. There appears to be a dis- 
tinct correlation between the location of the elec- 
trical abnormality and the type of clinical seizure 
suffered by the patient, as described by Jasper 
and Kershman.* 


It appears that high voltage abnormal waves 
in the electroencephalograms of epileptic patients 
commonly (in over 50 per cent of the 65 patients 
from whom such waves were recorded) take on 
a rhythmic 3 to 6 per second pattern for brief, 
or more prolonged, periods. ‘This seems to hold 
true regardless of whether the waves originate 
in a focal cortical discharge or in a deeper dis- 
turbance. When these 3 to 6 per second slow 
potentials are of medium voltage and occur rela- 
tively infrequently, or are confined to “silent” 
areas of the brain, there may be no associated 
symptoms. If they are of high voltage and in- 
volve large areas or regions, such as the left tem- 
poral lobe, there may result a variety of mani- 
festations, such as “psychomotor” attacks, 
“psychic equivalent or variant” states or of 
episodes of “amnesia,” as described by Gibbs, 
Gibbs and Lennox.*» At times an apparently 
similar type of electrical abnormality is seen in 
the records of behavior problem children, as 
reported by Jasper and associates *° or is associ- 
ated with periods of mental dulness, as observed 
by Putnam and Merritt.** It seems that the elec- 
trical pattern or abnormality in all epileptic 
patients with this slow rhythmic type of dis- 
turbance is essentially the same, but is non- 
specific, and that the variability in the associated 
symptoms depends largely on the location and 
intensity of the discharge. 
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This hypothesis seems to explain why so-called 
psychomotor electrical patterns (3 to 6 per sec- 
ond rhythmic slow waves) may be seen in pa- 
tients who have no history of “psychomotor” 
clinical manifestations and yet may be associated 
with such attacks in other persons. 

In the present study all patients with a history 
of episodes classified as of “psychomotor,” 
“psychic equivalent or variant” or “amnesia” 
type also had focal, petit or grand mal seizures. 

Evidence indicates that in a high voltage 
epileptic discharge high frequencies do not neces- 
sarily produce “overactivity” or slow frequencies 
“ynderactivity.” This observation, as recorded 
here, applies only to the abnormal waves associ- 
ated with epilepsy. 


In the formation of the slow waves (random 
or rhythmic in the electroencephalograms of 
epileptic subjects) it is suggested that, although 
the periods of activity of the neurons are more or 
less synchronous (are simultaneous—show hy- 
persynchrony), the resulting composite impulse 
discharges which presumably contribute to the 
slow potential changes are asynchronous and 
often of high frequency. In the case of fast 
waves (at least when rhythmic), on the other 
hand, the periods of activity of the neurons, as 
well as the impulse discharges, may be syn- 
chronous. 


“Dr. Thomas K. Davis, attending psychiatrist, Lenox 
Hill Hospital, helped to make this work possible, and 


Dr. Herbert Jasper interpreted some of the records. 
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ALCOHOLIC PSYCHOSIS 


ASSOCIATED WITH CHRONIC 
AND 


ALCOHOLIC CONVULSIONS 


THE ELECTROENCEPHALOGRAM 
ALCOHOLISM, 
MILTON GREENBLATT, M.D.; 


SIDNEY LEVIN, M.D., ann FERRUCCIO pr CORI, MD. 


BOSTON 


Since electroencephalography gives reliable 
data concerning one type of cerebral activity, 
this technic has been employed as an aid in the 
study of alcoholism and the alcoholic psychoses. 
Loomis and associates,’ in 1936, studied a patient 
during an alcoholic stupor and noted increase in 
the brain potentials and slowing of the rhythm. 
Gibbs and associates * reported that administra- 
tion of alcohol first increases the voltage of fast 
frequencies but that later, as consciousness is 
lost, slow rhythms appear. Rosenbaum and 
associates * noted pathologic brain waves of the 
type seen in attacks of epilepsy in 4 patients with 
chronic alcoholism and convulsions. 

An important electroencephalographic study of 
alcoholism was carried out by Davis and her 
co-workers.* In acute intoxication only slight 
changes occurred in the electroencephalogram, 
in spite of pronounced changes in mood, deport- 
ment and mental acuity; and clearly evident 
effects, namely, reduction in fast activity and a 
simultaneous increase in slow activity, occurred 
only when the level of awareness of the patient 
was greatly reduced. These authors also studied 
15 nonpsychotic subjects who had been confined 
to a hospital for chronic alcoholism and reported 
that the “alcoholics appeared to be between the 
normals and the psychotics in respect to the nor- 
mality and stability of their electroencephalo- 
graphic records.” 

Clinical observations on patients with chronic 
alcoholism and alcoholic psychoses have led to 


From the Department of Psychiatry, Harvard 
Medical School, and the Boston Psychopathic Hos- 
pital, Dr. Harry C. Solomon, Director. 

1. Loomis, A.; Harvey, E. N., and Hobart, G.: 
Electrical Potentials of the Human Brain, J. Exper. 

Psychol. 19:239-249, 1936. 
2. Gibbs, F. A.; Gibbs, E. L., ahd Lennox, W. G.: 
Effects on the Electroencephalogram of Certain Drugs 
Which Influence Nervous Activity, Arch. Int. Med. 60: 
154-166 (July) 1937. 

3. Rosenbaum, M.; Murray, L.; Philip, P., and 
Goldman, D.: Convulsive Seizures in Delirium 
Tremens, Arch. Neurol. & Psychiat. 45:486-493 
(March) 1941. 

4. Davis, P. A.; Gibbs, F. A.; Davis, H.; Jetter, 
W. W., and Trowbridge, L. S.: The Effects of 
Alcohol upon the Electroencephalogram, Quart. J. Stud. 
on Alcohol 1:626-637 (March) 1941. 


certain interesting questions. For example, does 
prolonged excessive indulgence in alcohol lead 
to abnormalities in the electrical activity of the 
cortex ? Are any electroencephalographic changes 
associated with the alcoholic psychoses? Does 
alcoholic deterioration or Korsakoff’s psychosis 
result in a peculiar electroencephalographic pat- 
tern? Is there an epileptoid component in patho- 
logic intoxication, and is the electroencephalo- 
gram an aid in detecting this? Finally, in 
patients with epilepsy associated with alcoholism 
(“rum fits’) does the electroencephalogram 
show the dysrhythmias which have been de- 
scribed as characteristic of idiopathic epilepsy ? 

We have studied the electroencephalograms 
and clinical features of a series of patients with 
chronic alcoholism with and without psychosis 
and have paid special attention to epilepsy in 
association with chronic alcoholism; on the basis 
of this study we are able to give preliminary 
auswers to some of these questions. 


RECORDING AND CLASSIFICATION OF 
ELECTROEN CEPHALOGRAMS 


Electroencephalograms were recorded with a Grass 
six channel ampliiying system. Electrodes were applied 
to both frontal, both parietal and both occipital areas. 
30th monopolar and bipolar recordings were taken; 
for the former, interconnected leads from the mastoid 
served as an indifferent pole. Bipolar leads proved 
helpful in eliminating muscle artefacts in tense and 
restless patients. The tracings were obtained with the 
patient in a recumbent position, with the eyes closed, in 
a darkened and quiet room. 

The records are classified as normal, borderline or 
abnormal on the basis of experience with hundreds of 
normal and abnormal subjects. A normal record is 
defined as one in which the brain wave rhythm has a 
frequency of between 8 and 12 per second and in which 
the pattern is unchanged, or only slightly modified, by 
two minutes of hyperventilation. An abnormal record 
is defined as one in which the prevailing activity is 
outside the frequency range of 8 to 12 per second, or 
one which shows a decided change in the character of 
the pattern as a result of two minutes of overbreathing. 
Borderline records are those without a dominant fre- 
quency pattern or with characteristics of both normal 
and abnormal tracings. Certain subjective factors are 
of necessity involved in the classification of electro- 
encephalograms, but in essence our classification of 
normal and abnormal records agrees with that of other 
investigators in the field. 
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between 20 and 30 years of age. 


GREENBLATT ET 


MATERIAL 


A series of 157 patients with chronic alcoholism 
admitted to the Boston Psychopathic Hospital over a 
five year period, from 1939 to 1944, formed the basis 
of the investigation. In most instances only one electro- 
encephalogram was taken for each patient, but for 
some of the patients repeated electroencephalograms 
were obtained, either during a single period of hos- 
pitalization or during successive admissions. The 
diagnostic classification of the type of alcoholic dis- 
order from which the patient was suffering was decided 
after careful scrutiny of the hospital record. Special 
attention was given to the patients with epilepsy asso- 
ciated with alcoholism and to the clinical status of 
these patients on the day that the electroencephalogram 
was taken. 

The electroencephalographic controls for these records 
of patients with chronic alcoholism consisted of tracings 
obtained from a series of 240 nurses, physicians, medical 
students and hospital personnel; between the ages of 
18 and 40; 90 per cent of the control subjects were 
The percentage of 
abnormal electroencephalograms in this group was 10 
per cent. 

As an added control for the electroencephalograms of 
our patients with epilepsy associated with alcoholism 
(“rum fits”) who had onset of seizures relatively late 
in life (at an average age of 35), the tracings were 
compared with the electroencephalograms of 115 patients 
with idiopathic epilepsy with an average age of onset 
of convulsions at 35. The records of the latter group 
were made available to us through Dr. and Mrs. F. A. 
Gibbs, from their collection of over 1,000 records of 
epileptic patients. 


DATA AND RESULTS 


In an analysis of the factors which may con- 
ceivably affect the incidence of abnormalities in 
the electroencephalogram in any heterogeneous 
group of patients, the age of the patients and the 
type of clinical disorder from which they suffer 
are of great significance. 

In a recent study by one of us,® the effect of 
age and the clinical condition on the electro- 
encephalographic abnormalities of a large group 
of neuropsychiatric patients was so striking that 
it has become imperative to analyze the electroen- 
cephalograms for all types of patients with these 
two factors in mind. We found that 24 per cent 
of our total group of 157 patients with alcoholic 
disorders had abnormal electroencephalograms. 
However, when the incidence of abnormalities 
was considered with relation to age (table 1), 
only 5 per cent of abnormal records was found 
in the age group from 20 to 30, whereas an inci- 
dence of 18 per cent was noted for the age group 
from 30 to 40, 19 per cent for the age group 
from 40 to 50 and 48 per cent for the age group 
of 50 and above. This trend of an increasing 
incidence of abnormalities in the older age 


5. Greenblatt, M.: Age and Electroencephalographic 
Abnormality in Neuropsychiatric Patients, Am. J. 
Psychiat. 101:82-90 (July) 1944. 


AL—ELECTROENCEPHALOGRAM IN ALCOHOLISM 291 


groups is similar to that shown for the neuro- 
psychiatric disorders in general and for several 
of the clinical diagnostic subgroups, for example, 
involutional melancholia, psychoneurosis and 
psychopathic personality. In our control group, 
made up of nurses, physicians, medical students 
aud hospital personnel, the majority were be- 
tween 20 and 30 years of age, and the incidence 


TasLe 1.—Relation of Age to the Incidence of Electro- 
encephalographic Abnormalities 


Patients with Chronie Alcoholism 


Percentage with 
Electroencephalographic 
Abnormalities 


5 
18 
19 
48 


Age Group, Yr. 


Number 


20 CO BD... 240 10 


of abnormalities was 10 per cent. For the 
same age range, therefore, the alcoholic patients 
had an incidence of abnormal electroencephalo- 
grams of 5 per cent and the normal subjects 
an incidence of 10 per cent, a difference which 
is not significant (table 1). 

The type of disorder from which the patient 
suffers is of major importance. Since, for the 
most part, there are no fundamental physiologic 


TasLe 2.—Relation of Clinical Classification of Alco- 
holic Psychoses to the Incidence of Abnormal 
Electroencephalograms 


Abnormal Electro- 


Number encephalograms 
Clinical Diagnosis Patients Number Percentage 
Chronie aleoholism without 
cc 55 3 5 
“Rum fits’ (average age of 
Aleoholic hallucinosis or de- 
lirilum 34 7 21 
During active disease........ (13) (6) (46) 
After recovery (patient 
asymptomatic)............ (21) (1) (5) 
Undiagnosed psychosis with 
chronic alcoholism............. 24 8 35 
Pathologic intoxieation......... 5 3 
Korsakoff’s psychosis........... 4 3 om 
Aleoholie deterioration.......... ll 9 
Idiopathic epilepsy age 
of onset of seizures, 35).. 115 86 75 


pathologic differences on which to base a 
classification of the alcoholic disorders, one is 
forced to resort to classification by clinical syn- 
dromes, which involves necessarily many sub- 
jective elements of interpretation. After careful 
consideration of the histories of the patients and 
the elimination of certain doubtful or unsatis- 
factory cases, we agreed on a workable scheme, 
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which nevertheless required in many instances 
an arbitrary diagnosis. Table 2 shows the diag- 
nostic classification used, the numbers of patients 
in each category and the percentage of abnormal 
electroencephalograms obtained in each class. 
Also shown are the two control groups: 1. A 
group of 240 persons normally adjusted in the 
community who -may serve as a base line, or 
norm, for all other diagnostic categories or sub- 
divisions. Of this number, 10 per cent had 
abnormal electroencephalograms. 2. A group of 
115 patients with essential or idiopathic epilepsy 
whose seizures began relatively late in life, at an 
average age of 35. This group should be com- 
pared with the group of patients with “rum fits,” 
whose seizures also appeared relatively late in 
life, at an average age of 35. In table 2 the 
alcoholic disorders are arranged in order of rank, 
that is, in terms of the ascending incidence of 
abnormal electroencephalograms. 

Chronic Alcoholism Without Psychosis.—It is 

interesting to note that in this group only 5 per 
cent of the electroencephalograms were abnor- 
mal. The tracings were taken when the period 
of acute intoxication responsible for the admis- 
sion to the hospital was over and when the 
patient was clinically free of symptoms. Chronic 
alcoholism without psychosis, essentially the least 
complicated of the alcoholic disorders from the 
standpoint of formation of symptoms, is associ- 
ated with the lowest percentage of electro- 
encephalographic abnormality of any of the alco- 
kolic syndromes. In fact, the percentage of 
abnormal electroencephalograms in this series 
was less than that encountered among control 
subjects normally adjusted in the community. 
Much has been written concerning the person- 
ality “defects” which are supposedly present in 
persons who readily establish the habit of depen- 
dence on alcohol. We have no electroencephalo- 
graphic evidence that these patients exhibit 
abnormal cortical function. There is also no 
evidence that the duration of chronic alcoholism 
has any significant relation to the amount of 
electroencephalographic abnormality. Normal 
records were obtained from persons with a long 
history, as well as from those with a relatively 
short period, of heavy indulgence. 
_ “Rum Fits.”—Of the 24 patients with “rum 
fits,” only 4 (17 per cent) had abnormal electro- 
encephalograms, a surprising finding in view of 
the high percentage of abnormal records ob- 
tained for almost all other patients who had 
convulsions as an outstanding symptom. These 
patients will be discussed in more detail later. 

Alcoholic Hallucinosis or Delirium Tremens. 
—A total of 34 patients had a condition diag- 
nosed as alcoholic hallucinosis or delirium tre- 


mens, and a total of 7, or 21 per cent, had abnor- 
mal electroencephalograms. However, there was 
a definite correlaton between the presence of 
active symptoms and electroencephalographic 
abnormality. Thirteen patients in the group 
were studied during active hallucinosis or de 
lirium, and 6 of these, or 46 per cent, had 
abnormal electroencephalograms. On the other 
hand, 21 patients were studied after recovery 
from hallucinosis or delirium tremens, and only 
1, or 5 per cent, had an abnormal record. 

The data suggest that an abnormal electro- 
encephalogram is related to active disease and 
that clinical recovery is associated with improve- 
ment in the pattern. An abnormal record is 
evidently not a prerequisite to the appearance of 
hallucinosis or delirium in a patient with chronic 
alcoholism. Although it seems likely, we have 
as yet no data to indicate that an abnormal. 
ejectroencephalogram indicates greater suscepti- 
bility to hallucinosis or delirium tremens after 
heavy indulgence. However, an abnormal 
tracing obtained during the acute stage of dis- 
ease is often indicative of a longer clinical course 
than is a normal one. 


Undiagnosed Psychosis with Chronic Alcohol- 
ism.—In this group were placed 24 chronically 
alcoholic patients with psychosis of a relatively 
undifferentiated type not readily classified in 
other categories. Patients with many hetero- 
geneous types of conditions were included here, 
but all were psychotic at the time of the electro- 
encephalographic examination. Thirty-five per 
cent of the records were abnormal. 

Pathologic Intoxication—Patients in whom 
small amounts of alcohol produced dispropor- 
tionately great outbursts of violent, aggressive 
overactivity with clouding of consciousness were 
regarded as exhibiting pathologic intoxication. 
Five patients in this category were studied after 
recovery from intoxication. Three had abnormal 
electroencephalograms. Both slow and rapid 
potentials were present in the abnormal tracings, 
but no tracing presented the paroxysmal dys- 
rhythmia characteristic of the epileptic disorders. 


Korsakoff’s Psychosis ——Four patients whose 
illness was diagnosed as Korsakoff’s psychosis 
were studied electroencephalographically during 
the period of notable impairment of mental func- 
tions; 1 of these was followed until recovery 
occurred under intensive treatment. Three of 
the 4 patients, including the patient whose condi- 
tion later cleared up, had abnormal electro- 
encephalograms. The fourth had a normal 
record despite a well marked Korsakoff psy- 
chosis. The patient who was followed during 
treatment showed improvement in the electro- 
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encephalographic pattern associated with clinical 
recovery. 

Alcoholic Deterioration.—Eleven patients pre- 
senting the clinical picture of alcoholic deteriora- 
tion were studied; 9 had abnormal electro- 
encephalograms. However, the average age of 
these patients (49 years) was higher than that 
of the patients in the other diagnostic groups, 
and conceivably the electroencephalographic 
abnormality could in part be due to the factor 
of age. 

Electroencephalographic Pattern and Prog- 
nosis of the Alcoholic Disorders—The vast 
majority (80 per cent) of the patients with 
alcoholism were discharged from the hospital 
as improved within ten days. The remain- 
der (20 per cent) were transferred to other 
mental disease institutions for more prolonged 
care and treatment because of the greater 
severity and chronicity of their illness. Fifty 
per cent of the patients who had abnormal elec- 
troencephalograms and only 11 per cent of the 
patients with normal electroencephalograms re- 
quired more prolonged hospitalization. The 
abnormal electroencephalographic pattern was 
correlated not only with the presence of active 
hallucinosis, delirium and confusion but with a 
longer clinical course. 


ALCOHOLISM AND EPILEPSY 


When convulsions and chronic alcoholism 
appear together in the same patient, it is often 
a difficult problem to determine their precise 
etiologic relation. A history taken from the 
patient is often grossly unreliable because these 
patients have a tendency to obscure the relation 
Letween the two factors; for example, they date 
the convulsions before the onset of alcoholism or 
emphasize that seizures do not occur during the 
height of alcoholic indulgence but have their 
onset after the indulgence has ceased. When the 
latter claim is made, one must be suspicious of a 
primary withdrawal phenomenon, for sometimes 
there is a short lag between the cessation of 
drinking (often spontaneous, because of gastritis 
and vomiting) and the appearance of seizures. 

A logical classification on the basis of the rela- 
tion between convulsions and alcoholism would 
have to do justice to the many possible gradients 
of etiologic dependence of seizures on alcoholic 
indulgence. At one extreme, there would be 
patients who never had convulsions save at the 
height of alcoholism or shortly after abrupt 
withdrawal. Such a condition is already clini- 
cally well recognized and is given the name “rum 
fits,’ or “whisky fits.” At the other extreme, 
there would be patients suffering from essential 
or idiopathic epilepsy with or without alcoholic 
indulgence, but with no manifest etiologic rela- 


tion between the two. Between these two ex- 
tremes there would be patients with a tendency 
to epilepsy in whom some indulgence in alcohol 
would at times be required to bring out the 
underlying predisposition. 

We approach the problem by studying electro- 
encephalographically and clinically the two ex- 
tremes: (a) patients with “rum fits,” with a 
clearcut etiologic relation between alcoholism and 
convulsions, and (b) patients with idiopathic 
epilepsy with insignificant indulgence in alcohol 
and with seizures temporally unrelated to alco- 
holic intake. 


“Rum Fits.”’—Twenty-four patients, all males, 
were classified as having “rum fits.” Their ages 
ranged from 26 to 52, with an average of 39. 
The duration of seizures ranged from days to 
years, with an average of four years. The dura- 
tion of heavy alcoholism ranged from one-half 
year to twenty-seven years, with an average of 
fourteen years. 

An average of ten years of heavy drinking 
occurred before the first admission to the hos- 
pital. Twenty-two of the patients had seizures 


ELECTROENCEPHALOGRAM 


CLOUDED ALMOST CLEAR 


MENTAL STATE 
Relation between electroencephalographic classification 
and mental status of patients with “rum fits.” Twenty- 
six electroencephalographic records were taken on 24 


patients. The large circles represent one electro- 
encephalogram each. 


typical of grand mal attacks. The attacks of 
1 patient were described as “fainting spells,” 
and those of another consisted of clonic move- 
ments without loss of consciousness. 

The histories of these patients were peculiar 
in that none had convulsions in youth or prior 
to the onset of heavy drinking. The earliest age 
of onset of seizures was 26 and the average age 
of onset 35. Not one of the patients had a family 
history of epileptic disorder. 

The majority of patients with “rum fits” 
sought admission to the hospital because of post- 
convulsive clouding of consciousness, often 
accompanied by excitement. A few patients 
were followed during recovery from the clouded 
state, and it was evident that electroencephalo- 
graphic abnormality disappeared as the clouded 
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mental state improved. When the type of 
electroencephalogram for each patient was com- 
pared with the mental status of that patient, 
it appeared that the more clouded the mental 
picture at the time of the recording the more 
abnormal was the electroencephalogram (fig. 1). 

Of 24 patients with “rum fits,” only 4, or 
17 per cent, had abnormal electroencephalo- 
grams; 3 of these 4 patients had clouding of 
consciousness, and the fourth was actively hal- 
lucinated at the time of the recording. 

Idiopathic Epilepsy.—Because of the surpris- 
ing observation that “rum fits” were associated 
with little electroencephalographic abnormality 
whereas almost all other conditions in which con- 
vulsions are an outstanding feature are associ- 
ated with a high incidence of electroencephalo- 
graphic abnormality, we decided to compare our 
observations on patients with “rum fits” with 
those on patients with idiopathic epilepsy. We 
were especially interested in controlling the age 
of onset of seizures because of the possibility that 
a low incidence of electroencephalographic abnor- 
malities might appear in any group of patients 
with late onset of seizures. Accordingly, we 
obtained a group of 115 patients with idiopathic 
epilepsy with an average age of onset of seizures 
at 35, exactly comparable to the age of onset of 
seizures in the patients with “rum fits.” The 
group of patients with idiopathic epilepsy was 
characterized by negligible alcoholic intake, no 
dependence of seizures on alcoholism and a high 
incidence of a family history of convulsions—all 
in direct contrast to the patients with “rum fits.” 
The percentage of electroencephalographic abnor- 
malities for the patients with idiopathic epilepsy 
was 75 per cent. A consideration of the relation 
of electroencephalographic abnormality to age of 
onset of epilepsy in patients with the idiopathic 
type showed that from youth to old age there 
was a decrease of 10 to 15 per cent in the inci- 
dence of electroencephalographic abnormalities. 
At comparable ages for onset of seizures, how- 
ever, the incidence of abnormal electroencephalo- 
grams was strikingly higher for idiopathic 
epilepsy than for “rum fits.” 


COM MENT 


Many investigations have established the fact 
that a high incidence of electroencephalographic 
ebnormality is associated with the convulsive dis- 
orders and that the most significant feature is 
the paroxysmal dysrhythmia, so thoroughly 
studied by Gibbs and Lennox. The actual per- 
centage of abnormal electroencephalograms varies 
with the individual series, but most workers agree 
that between 60 and 90 per cent.of patients with 


seizures have abnormal electroencephalograms, 
EHlowever, there is always the irreducible minj- 
mum who do not show abnormalities despite 
well substantiated convulsions. To a certain 
extent, this may be explained on the basis of 
the severity and frequency of the epileptic attacks 
—that is, patients with rare or infrequent 
seizures may show considerably less electro- 
encephalographic abnormality than those with 
frequent or severe seizures. Age is another 
factor that may determine the amount of abnor- 
mality. There is evidence to indicate that the 
older the epileptic patients, the lower the per- 
centage of electroencephalographic abnormality 

The question arises whether persons without 
onset of seizures in childhood and without a 
family history of epilepsy (that is, without evi- 
dence of an inborn epileptic component), yet 
with seizures due to some other factor, have 
significant electroencephalographic abnormali- 
ties.” Only a few observations bearing on this 
question have been reported. A case of con- 
vulsions following abrupt withdrawal of barbitu- 
rates with a normal electroencephalogram has 
been reported.* We have observed several such 
cases of seizures following withdrawal of barbitu- 
rates in addicts who were not known to be 
epileptic and whose electroencephalograms were 
normal when the seizure was over. A similar 
example is that of a patient subjected to electric 
shock therapy. In such a patient electro- 
encephalograms are usually normal before shock, 
and there is a rapid return to normal after the 
induced seizure subsides. Except in occasional 
patients subjected to numerous electrically 
induced fits in whom one sometimes sees pro- 
longed alteration in the electroencephalogram, 
the ultimate pattern is normal and similar to the 
preshock pattern. 


Our data lead us to believe that patients with 
“rum fits’ have no inherited predisposition to 
epilepsy and have normal interseizure records 
despite years of heavy alcoholic indulgence and 
of seizures induced by alcohol. We believe that 
there is often confusion between cases of pure 
“rum fits” and cases of idiopathic epilepsy in 
which seizures may at times be precipitated by 
ingestion of alcohol. In the latter the onset of 
epilepsy usually precedes the alcoholism by some 


6. Robinson, L. J.: Incidence of Abnormal Electro- 
encephalograms in Epileptic Persons Over Forty Years 
of Age, Dis. Nerv. System 2:55-58 (Feb.) 1941. 

7. Lennox, W. G.: Alcohol and Epilepsy, Quart. J. 
Stud. on Alcohol 2:1-11 (June) 1941. 

8. Brownstein, S. R., and Pacella, B. L.: Con- 
vulsions Following Abrupt Withdrawal of Barbiturate: 
Clinical and Electroencephalographic Studies, Psy- 
chiatric Quart. 17:112-122 (Jan.) 1943. 
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time; in addition, the seizures frequently occur 
in the absence of any known intake of alcohol. 
In a small series of such cases we found a high 
incidence of abnormal electroencephalograms 
comparable to that for idiopathic epilepsy with- 
out alcoholism. 

In studying the brain waves of patients with 
convulsions, we found it important to know the 
exact mental status at the time of the electro- 
encephalographic examination before evaluating 
the final normality or abnormality of the tracing 
because any residual confusion following a 
seizure may be associated with abnormalities 
which later clear up. This is particularly true 
of patients with “rum fits,” for these patients are 
often hospitalized because of postconvulsive 
clouding, and the clouding of consciousness is 
frequently prolonged. 

Not only postconvulsive confusion but active 
alcoholic hallucinosis is correlated with abnormal 
electrocortical activity, and often the hallucinosis 
is present long after the elimination of alcohol is 
completed. Surely, excessive alcoholism initiates 
a neurophysiologic change the persistency of 
which does not depend on a high level of alcohol 
in the blood. 

An arrangement of clinical categories of 
chronic alcoholism on the basis of an increasing 
incidence of electroencephalographic abnormality 
(as in table 2) turns out to be a rough classifi- 
cation of these disorders according to the severity 
of the clinical picture, the chronicity of symptoms 
and, probably, the severity and extent of damage 
to the brain. The lowest incidence of electro- 
encephalographic abnormality is found in cases 
¢f chronic alcoholism without psychosis, essen- 
tially the least complicated of all the alcoholic 
disorders from the standpoint of the formation 
of morbid symptoms. On the other hand, the 
highest incidence of electroencephalographic 
abnormality occurs in cases of alcoholic deterio- 
ration, an essentially fixed psychosis with fea- 
tures of the organic reaction type. In our small 
series of patients with Korsakoff’s psychosis (an 
outstanding paradigm of the “organic syn- 
drome”) there was a high incidence of electro- 
encephalographic abnormality, and we anticipate 
eventual corroboration of this observation when 
a larger series of such patients has been collected. 
Relatively little abnormality is found for patients 
with delirium tremens or acute alcoholic halluci- 
nosis, both disorders with rapid recovery. How- 
ever, with chronic alcoholic hallucinosis the 
electroencephalogram tends to be more abnormal 
than with the acute type. 


SUMMARY 


In a study of the clinical histories and electro- 
encephalograms of 157 patients with chronic 
alcoholism with and without psychosis, includ- 
ing patients with convulsions due to chronic 
alcoholism, the following observations were 
made : 

The incidence of electroencephalographic 
abnormality in patients with chronic alcoholic 
disorders increases with age. 

Persons with chronic alcoholism without psy- 
chosis, irrespective of the duration of drinking, 
show essentially nothing of significance in the 
electroencephalogram. 

Chronic alcoholism with psychosis is in general 
associated with an incidence of electroencephalo- 
graphic abnormality which is higher than normal. 
In patients with alcoholic psychosis the presence 
of confusion or hallucinations is frequently asso- 
ciated with electroencephalographic abnormality, 
and the disappearance of hallucinations or con- 
fusion is often accompanied by a change toward 
a more normal electroencephalogram. 

No evidence of paroxysmal dysrhythmia was 
found in 5 patients with pathologic intoxication, 
although 3 of the 5 patients had abnormal electro- 
encephalograms. 

Of the patients with chronic alcoholism with 
psychosis, the highest incidence of electro- 
encephalographic abnormality was found among 
those with deterioration or Korsakoff’s syn- 
drome. No specific electroencephalographic pat- 
tern was found in a group of 4 patients with 
Korsakoff’s psychosis. 

A relatively low incidence of electroencephalo- 
graphic abnormality (17 per cent) was found in 
a series of 24 patients with “rum fits” (with a 
negative family history and a negative past his- 
tory for epilepsy and with seizures occurring 
only in association with alcoholism). On the 
other hand, a relatively high incidence of electro- 
encephalographic abnormality (75 per cent) was 
found in a large series of patients with idiopathic 
epilepsy with onset of seizures in the same age 
range as that of the patients with “rum fits.” 

In spite of the occurrence of seizures, patients 
with “rum fits” do not have the inborn epileptic 
predisposition observed in persons with idio- 
pathic epilepsy. 

An abnormal electroencephalogram may be of 
aid in predicting the duration of illness in 
patients hospitalized for chronic alcoholism. 


Miss Marie M. Healey and Miss Gertrude A. Jones, 
R. N., gave technical assistance. 
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THE HYPOTHALAMUS AND AFFECTIVE BEHAVIOR IN CATS 


A STUDY OF THE EFFECTS OF EXPERIMENTAL LESIONS, WITH 
ANATOMIC CORRELATIONS 


M. D. WHEATLEY, Px.D. 
IOWA CITY 


Evidence has accumulated which indicates that 
the hypothalamus may be concerned in certain 
elements of behavior the total pattern of which 
appears to be related to the outward manifesta- 
tion of emotion. Stimulation of the hypothala- 
mus in the region occupied by the medial bundle 
of the forebrain in the lateral part of the hypo- 
thalamus has been observed by Kabat and asso- 
ciates to cause mydriasis, increased respiration, 
struggling movements with clawing and biting, 
salivation, horripilation and sweating on the pads 
of the feet. In addition, cessation of peristalsis 
was noted, and sometimes evacuation of the 
bladder (Kabat, Anson, Magoun and Ranson’; 
Kabat, Magoun and Ranson?; Ranson, Kabat 
and Magoun *; Kabat,* and Kabat, Magoun and 
Ranson*). The points of stimulation were 
‘ shown to be restricted largely to the lateral 
hypothalamic area. Similar results were obtained 
from anesthetized and unanesthetized cats. These 
reactions were not elicited when the infundibular 
stalk, the septum pellucidum, the anterior com- 
missure, the thalamus and the internal capsule 
were stimulated with a current of the same 
intensity. The same general pattern of responses 


From the Department of Anatomy, State University 
of Iowa College of Medicine. 

This paper is the main content of a dissertation sub- 
mitted in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in the Department of 
Anatomy of the Graduate College of the State Uni- 
versity of Iowa, July 1943. 

1. Kabat, H.; Anson, B. J.; Magoun, H. W., and 
Ranson, S. W.: Stimulation of the Hypothalamus with 
Special Reference to Its Effect on Gastrointestinal 
Motility, Am. J. Physiol. 112:214, 1935. 

2. Kabat, H.; Magoun, H. W., and Ranson, S. W.: 
Electrical Stimulation of Points in the Forebrain and 
Midbrain, Arch. ‘Neurol. & Psychiat. 34:931 (Nov.) 
1935. 

3. Ranson, S. W.; Kabat, H., and Magoun, H. W.: 
Autonomic Responses to Electrical Stimulation of the 
Hypothalamus, Preoptic Region and Septum, Arch. 
Neurol. & Psychiat. 33:467 (March) 1935. 

4. Kabat, H.: Electrical Stimulation of Points in 
the Forebrain and Midbrain: The Resultant Alterations 
in Respiration, J. Comp. Neurol. 64:187, 1936. 

5. Kabat, H.; Magoun, H. W., and Ranson, S. W.: 
Reaction of the Bladder to Stimulation of Points in the 
Forebrain and Midbrain, J. Comp. Neurol. 63:211, 1936. 


suggestive of rage had been observed by other 
investigators, but the precise area of stimula- 
tion had not previously been accurately localized 
(Karplus and Kreidl*). Dusser de Barenne 
and Sager? observed that when a small amount 
of strychnine was injected into the hypothala- 
mus, cats displayed intense activity resembling 
sham rage; they hissed when approached and 
showed horripilation, mydriasis, salivation, def- 
ecation and urination. Strychninization of the 
thalamus caused hypersensitivity of the skin to 
temperature, touch and pain stimuli, but the cats 
did not show the affective responses observed 
on strychninization of the hypothalamus. 
Somewhat similar results for electrical stim- 
ulation have been reported with human subjects. 
Grinker and Serota® stated that transsphenoidal 
stimulation by means of an electrode pushed into 
the nasal surface of the sphenoid bone about 
the middle of the floor of the sella turcica pro- 
duced the usual general visceral effects: accel- 
eration of the respiratory and the heart rate, 
dilatation of the pupils, elevation of blood pres- 
sure, increase in vasomotor tone, rise in body 
temperature, sweating and contraction of the 
bladder. Additional effects were reflected in 
the subjective and overt emotional reactions of 
the patients, e. g., profound anxiety and un- 
controllable sobbing (Grinker and Serota’; 
Grinker*). All of the patients responded with 


6. Karplus, J. P., and Kreidl, A.: Gehirn und 
Sympathicus: I. Zwischenhirnbasis und Halssympa- 
thicus, Arch. f. d. ges. Physiol. 129:138, 1909; II. Ein 
Sympathicuszentrum im Zwischenhirn, ibid. 135:401, 
1910; III. Sympathicusleitung im Gehirn und Halsmark, 
ibid. 143:109, 1911; IV., ibid. 171:192, 1918; VIL., ibid. 
215:667, 1927. 

7. Dusser de Barenne, J. G., and Sager, O.: Ueber 
die sensiblen Funktionen des Thalamus opticus der 
Katze (Untersucht mit der Methode der Ortlichen 
Strychninvergiftung ; allegemeine Symptomatologie und 
funktionelle Lokalisation), Ztschr. f. d. ges. Neurol. wu. 
Psychiat. 133:231, 1931. 

8. Grinker, R. R., and Serota, H.: Studies on 
Corticohypothalamic Relations in the Cat and Man, J. 
Neurophysiol. 1:573, 1938. 

9. Grinker, R. R.: Hypothalamic Functions in 
Psychosomatic Interrelations, Psychosom. Med. 1:19, 
1939, 
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expressions of fear, and, although none showed 
anger, stronger stimuli elicited tonic, and some- 
times clonic, movements of the extremities com- 
parable to the running and clawing movements 
reported for cats. 

Mechanical stimulation of the floor of the third 
ventricle has also been reported as effective in 
producing outbursts of manic reactions in human 
subjects (Foerster and Gagel *°). Singing, ex- 
pressions of terror and rage, and general hyper- 
activity have been noted when this region was 
swabbed or disturbed during removal of patho- 
logic growths with local anesthesia (Clark, Beat- 
tie, Riddoch and Dott**). However, White ** 
found that in man mechanical and electrical stim- 
ulation of the hypothalamus produced brady- 
cardia, a rise in blood pressure and a tendency 
to drowsiness or coma. He noted no alterations 
in respiration, nor could he detect any psychic 
or sensory changes. 


Observations on emotional responses in man 
in clinicopathologic studies, while not as precise 
in the localization of the definite areas or nuclei 
concerned as is possible with animal experimenta- 
tion, are nevertheless valuable in consideration 
of the possible anatomic correlates of emotional 
behavior. Practically all the disturbances con- 
sequent to lesions in and stimulation of the 
hypothalamus in experimental animals have been 
reported in man after trauma, operative manip- 
ulation, tumors, vascular lesions and infections 
of the hypothalamus. The behavior of the pa- 
tients reflected a subjective phase, as well as 
the outward manifestations of emotion, some of 
them giving evidence of hallucinations, flight of 
ideas, terror, rage and anxiety. The behavior 
of others indicated pleasanter moods, which might 
be witty, jocular or obscene (Foerster and 
Gagel?°; Cox'*; Alpers '*; Weisenburg 


10. Foerster, O., and Gagel, O.: Ein Fall von 
Ependymcyste des III Ventrikels: Ein Beitrag zur 
Frage der Beziehungen psychischer Stérungen zum 
Hirnstamm, Ztschr. f. d. ges. Neurol. u. Psychiat. 149: 
312, 1933. 

11. Clark, W. E. L.; Beattie, J.; Riddoch, G., and 
Dott, N. M.: The Hypothalamus: Morphological, 
Functional, Clinical and Surgical Aspects, Edinburgh, 
Oliver & Boyd, 1938, p. 212. 

12. White, J. C.: Autonomic Discharge from Stimu- 
lation of the Hypothalamus, A. Research Nerv. & 
Ment. Dis., Proc. 20:854, 1940. 

13. Cox, L. B.: Tumours of the Base of the Brain: 
Their Relation to Pathological Sleep and Other Changes 
in the Conscious State, M. J. Australia 1:742, 1937. 

14. Alpers, B. J.: Relation of the Hypothalamus to 
Disorders of Personality, Arch. Neurol. & Psychiat. 
38:291 (Aug.) 1937. 

15. Weisenburg, T. H.: Tumours of the Third 
Ventricle, with the Establishment of a Symptom- 
Complex, Brain 33:236, 1910. 


Clark and associates * ; Claude and Lhermitte ** ; 
Fulton and Bailey +7; Cushing **). 

Modern experiments attempting to delimit the 
various parts of the brain concerned with emo- 
tional expression through lesions and ablations 
were given their original impetus by Goltz *® in 
1892. He observed that a decorticate dog with 
injury to the corpora striata and the thalamus 
occasionally displayed emotional hyperexcitability 
suggestive of rage in response to innocuous stim- 
uli. Similar results were obtained by other inves- 
tigators with decorticate cats and dogs: Dusser 
de Barenne,?° with decorticate cats, and Roth- 
mann,” with a decorticate dog. Bard*? and 
Bard and Rioch ** made an exhaustive study of 
the effects of decortication on emotional expres- 
sion in cats. They expressed the belief that the 
“sham rage” displayed by their experimental 
animals was due to the release of subcortical 
levels from cortical inhibition. The somatic com- 
ponent, or at least parts of the somatic com- 
ponent, of rage may possibly be elicited after 
all brain substance rostral to the mesencephalon 
is removed, but the full sham rage reaction 
requires that a portion of the posterior hypo- 
thalamus remain. This work indicates that the 
area most important for the full expression of 


16. Claude, H., and Lhermitte, J.: Le syndrome 
infundibulaire dans un cas de tumeur du _ troisiéme 
ventricle, Presse méd. 25:417, 1917. 

17. Fulton, J. F., and Bailey, P.: Contribution to 
the Study of Tumors in the Region of the Third 
Ventricle: Their Diagnosis and Relation to Pathological 
Sleep, J. Nerv. & Ment. Dis. 69:1, 145 and 261, 1929. 

18. Cushing, H.: Papers Relating to the Pituitary 
Body, Hypothalamus and Parasympathetic Nervous 
System, Springfield, Ill., Charles C Thomas, Publisher, 
1932. 

19. Goltz, F.: Der Hund ohne Grosshirn, Arch. f. 
d. ges. Physiol. 51:570, 1892. 

20. Dusser de Barenne, J. G.: Récherches expéri- 
mentales sur les fonctions du systéme nerveux central, 
faites en particulier sur deux chats dont le néopallium 
avait été enlevé, Arch. néerl. de physiol. 4:31, 1919. 

21. Rothmann, H.: Zusammenfassender Bericht iiber 
den Rothmannschen grosshirnlosen Hund nach klini- 
scher und anatomischer Untersuchung, Ztschr. f. d. ges. 
Neurol. u. Psychiat. 87:247, 1923. 

22. Bard, P.: (a) A Diencephalic Mechanism for the 
Expression of Rage with. Special Reference to the 
Sympathetic Nervous System, Am. J. Physiol. 84:490, 
1928; (b) The Central Representation of the Sympa- 
thetic Nervous System as Indicated by Certain Physio- 
logical Findings, A. Research Nerv. & Ment. Dis., 
Proc. 11:67, 1930; (c) On Emotional Expression After 
Decortication with Some Remarks on Certain The- 
oretical Views, Psychol. Rev. 41:309 and 424, 1934; 
(d) Central Nervous Mechanisms for Emotional Be- 
havior Patterns jn Animals, A. Research Nerv. & Ment. 
Dis., Proc. 19:190, 1939, 

23. Bard, P., and Rioch, D. M.: A Study of Four 
Cats Deprived of Neocortex and Additional Portions 


of the Forebrain, Bull. Johns Hopkins Hosp. 60:73, 
1937. 


| 


298 ARCHIVES OF NEUROLOGY 


rage is the caudal part of the hypothalamus. The 
phenomenon of “sham rage” has also been re- 
ported in man (Wortis and Maurer **). 


Attempts to determine areas of the cortex 
specifically concerned in such a release phe- 
nomenon have not been consistently successful. 
Spiegel,“ Miller and Oppenheimer *° reported that 
of 8 cats in which the frontal lobes were destroyed 
rostral to the sigmoid gyrus, only 1 showed 
definite rage reactions. Furthermore, Magoun 
and Ranson ** removed the portions of the hemi- 
spheres rostral to the ansate sulcus in 8 cats, 
and none of the animals displayed the intense 
emotional hyperexcitability of sham rage, nor 
did these cats display any of the cataleptic symp- 
toms that Barris ** had reported to occur in cats 
after ablation of the same general area. Spiegel, 
Miller and Oppenheimer ** observed that the 
production of lesions encroaching on the olfactory 
tubercle or in the fornices was followed by rage 
reactions. The most pronounced rage effects 
were observed in animals in which the lesions 
were said to affect the fornix, with involvement 
of the adjacent septum pellucidum. These au- 
thors also reported the appearance of rage reac- 
tions, and occasionally of cataleptic symptoms, 
following bilateral injury to the amygdaloid nuclei. 
No rage behavior followed elimination of the 
following regions: the sigmoid and coronal gyri; 
the lateral surface of the parietal lobe ; the medial 
surface of the gyrus marginalis; the lateral sur- 
face of the temporal lobe, and the lateral, as 
well as the medial, surface of the occipital lobe. 


Lesions of the hypothalamus itself in experi- 
mental animals. have also been observed to be 
associated with changes in affective behavior. 
Bilateral lesions in the caudal part of the hypo- 
thalamus produce somnolence and catalepsy in 
cats, together with a decline in emotional reac- 
tivity (Ingram, Barris and Ranson**). Prob- 
ably the most striking emotional changes were 
noted in wild monkeys, which became tame and 
showed no fear or anger after the placement of 
lesions dorsolateral to the mamillary nuclei (Ran- 

24. Wortis, H., and Maurer, W. S.: 
in Man, Am. J. Psychiat. 98:638, 1942. 

25. Spiegel, E. A.; Miller, H. R., and Oppenheimer, 
M. J.: Forebrain and Rage Reactions, J. Neuro- 
physiol. 3:538, 1940. 

26. Magoun, H. W., and Ranson, S. W.: The Be- 
havior of Cats Following Bilateral Removal of the 
Rostral Portion of the Cerebral Hemispheres, J. Neuro- 
physiol. 1:39, 1938. 

27. Barris, R. W.: Cataleptic Symptoms Following 
Bilateral Cortical Lesions in Cats, Am. J. Physiol. 
119:213, 1937. 

28. Ingram, W. R.; Barris, R. W., and Ranson, S. 
W.: Catalepsy: An’Experimental Study, Arch. Neurol. 
& Psychiat. 35:1175 (June) 1936. 


“Sham Rage” 


AND PSYCHIATRY 


son *°). Kessler *° found that unilateral destrue- 
tion of the hypothalamus or of the ventromedial 
portion of the thalamus in cats resulted in posi- 
tive rage reactions. 

Ingram *' frequently observed notable changes 
in “personality” in certain cats with bilateral 
hypothalamic lesions. These animals, formerly 
tame and friendly, became savage and would 
attack man with little hesitation. This picture 
was exactly the reverse of that noted in cataleptic 
animals. The lesions in these savage cats were 
usually in the medial portions of the hypo- 
thalamus. 


The work to be reported in this paper was 
concerned with the following problems: (1) a 
study of changes in behavior in cats following 
production of lesions in various parts of the 
hypothalamus, with lesions in other regions of 
the brain as controls; (2) correlation of such 
changes in behavior as might be. associated with 
the anatomic alterations caused by the destruction 
of nerve tissue, and, especially, an attempt to 
determine whether reactions of a savage type 
may follow destruction of any specific structural 
entities in the hypothalamus. In addition, various 
areas of other parts of the brain were destroyed 
or removed in 11 cats, not only to determine 
whether such lesions would ameliorate or in- 
tensify rage reactions in savage cats but to pro- 
duce rage reactions in cats which had not become 
savage. 

MATERIAL 


AND METHODS 


In this experiment 42 cats were selected from several 
hundred on the basis of friendliness and failure to show 
aggressive behavior even when subjected to nociceptive 
stimuli. Only 1, a female cat, P36, showed the slightest 
tendency to become aggressive when roughed; other- 
wise, she was friendly and affectionate, and even when 
she showed such aggressiveness, she would respond 
immediately to friendly overtures with purring and 
other signs of feline friendliness and affection. The 
behavior of these animals was studied daily for several 
weeks before the placing of the hypothalamic lesions. 


The cats were operated on while under anesthesia 
induced with pentobarbital sodium, and lesions were 
placed in the hypothalamus by use of the Horsley- 
Clarke stereotaxic instrument. Careful asepsis was 
maintained. Postoperative observations were made 
daily over periods ranging from several weeks to more 
than a year. Eleven of these cats were subsequently 


29. Ranson, S. W.: (a) Some Functions of the 
Hypothalamus, in Harvey Lectures, 1936, Baltimore, 
Williams & Wilkins Company, 1936, vol. 37, p. 92; (b) 
Somnolence Caused by Hypothalamic Lesions in the 
Monkey, Arch. Neurol. & Psychiat. 41:1 (Jan.) 1939. 

30. Kessler, M. M.: . Spontaneous and Reflex 
Emotional Responses Differentiated by Lesions in the 
Diencephalon, Proc. Soc. Exper. Biol. & Med. 47:225, 
1941. 


31. Ingram, W. R.: The Hypothalamus: A Review 
of the Experimental Data, Psychosom. Med. 1:48, 1939. 
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subjected to the placing of various cortical lesions and 


‘ ablations, and day by day records of their postoperative 


behavior were made. 

An attempt was made by special means to arrive at a 
reasonably objective appraisal of the behavior of the 
animals when subjected to nociceptive stimuli. The 
animal to be studied was harnessed in such a way that 
two electrodes connected with a Harvard inductorium 
were in contact with the skin of the dorsal region. 
This harness did not interfere with freedom of move- 
ment. The cat was placed in a large cage arranged so 
that the observer was out of the animal’s range of 
vision. The cage was equipped with noise makers and 
air blasts under remote control. Each cat was placed 
in the cage once prior to the operation and its behavior 
studied and recorded in terms of response to raucous 
noises, air blasts and shocks of faradic current of 
controlled intensity. After recovery from the opera- 
tion, the animal was harnessed and placed in the cage 
repeatedly, but without being subjected to nociceptive 
stimuli. This was done to eliminate or minimize any 
conditioning effect. Later, responses to shocks and 
noises were noted, in an attempt to determine whether 
any changes in behavior response could be detected. 
This special method of study was a supplement to 
continual daily observation of the general attitudes and 
behavior of the cats in regard to contact with other 
animals and with human beings and in response to 
handling, feeding, and the like. 

Motion picture records of the general behavior of the 
cats before and after operation were also made. 

When the behavioral studies were concluded, the cats 
were killed, their heads perfused with a 10 per cent 
concentration of neutral solution of formaldehyde 
U. S. P. and the brains removed. After further fixation 
in the solution of formaldehyde, the diencephalic regions 
were dehydrated and embedded in pyroxylin. 

Sections 50 microns thick were cut; every other 
section was stained with cresyl violet for cells, and 
the alternate sections, by the Weil method for myelin 
sheaths. In addition to the specimens from the 42 cats 
in the experimental series, there were available 28 
brains from cats in which hypothalamic lesions had been 
placed for other purposes. Twenty-three of the animals 
in the latter group had become irritable or savage after 
operation. Five, however, had especially good behavior, 
despite the hypothalamic lesions, and were an important 
addition to the controls already available. Sections of 
their brains were also prepared. The 70 cat brains 
were studied microscopically, and attempts made to 
correlate behavioral changes with the location and 
extent of the injury to the brain. 

Of the whole series, 16 specimens were from cats 
showing no postoperative change in behavior, in spite 
of the presence of hypothalamic lesions. These, and a 
group of animals subjected to “dummy” operations, 
constituted controls. 

The operations for removal of cortical tissue were 
carried out by direct exposure and careful visualization 
of the areas to be excised. Careful asepsis was 
maintained ; all bleeding was controlled, and the opera- 
tions were performed with minimum trauma to areas 
not removed. During the postoperative period, fluids 
or food was forced as indicated by the condition of the 
animal. 


GENERAL CHANGES IN BEHAVIOR 


In this work only those outward manifestations 
which man has learned to associate with normal 


expressions of emotion in cats were studied. 
The subjective significance of these physical ex- 
pressions can only be inferred. Bard **¢ has 
aptly expressed this viewpoint: 

It is doubtless impossible to determine whether 
a cat standing up to an attacking or threatening dog is 
subjectively experiencing rage or fear or a mixture of 
both, but on the supposition that different things should 
have different names it can be asserted that a normal 
cat is capable of displaying both rage and fear. When 
as a result of painful or rough treatment or in response 
to attack by another animal a cat reacts by spitting and 
aggressive biting and clawing, it is proper to call it one 
thing. When in response to similar stimuli or to other 
happenings, especially a sudden and unexpected loud 
noise, this same cat dashes off in a furtive manner, 
mewing plaintively, and tremblingly goes to cover on 
the first opportunity, it is necessary to designate this 
as something else. General usage leads one to call 
the former an expression of anger, the latter a display 
of fear or terror. It is significant that when observers 
of varied experience are shown these reactions by 
means of: motion pictures in which the stimulus is not 
revealed they are unanimous in characterizing the one as 
a display of rage, the other as an exhibition of fear. 
This disposes of any possibility that knowledge of the 
stimulus plays an important part in determining the 
name given the behavior. 


The behavior patterns of the cats in this ex- 
periment were not always so clearly cut. Some 
exhibited the same friendly behavior after opera- 
tion as before. At the other extreme, some 
animals, when in the presence of the observer, 
continually showed all the physical manifesta- 
tions which have been observed in normal cats 
when provoked to rage, i. e., mydriasis, hor- 
ripilation, defecation, urination, vocalization of 
anger, spitting, lashing of the tail and a kyphotic 
attitude. They would attack the observer in a 
vicious, aggressive manner, biting and clawing, 
when attempts were made to pet them or when 
other innocuous stimuli were applied. 

The exact degree of change in the intermediate 
types of behavior was often difficult to ascertain. 
In this account these postoperative reactions have 
been divided arbitrarily into four classes and are 
indicated as such in tables 2 to 4. These cate- 
gories may be summarized as follows: (1) slight 
change, represented by arimals usually harmless 
and friendly to a moderate degree, but with a 
tendency to use teeth or claws in escaping pain- 
ful stimuli; (2) variable behavior, represented 
by cats which responded favorably to petting 
but often became savage when roughed, at such 
times showing many of the physical manifesta- 
tions of rage; (3) definite and pronounced 
change, shown by cats which would not respond 
favorably to petting and displayed signs of rage 
when approached by the observer, but failed to 
present one or more of the physical manifesta- 
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tions, such as urination or defecation, displayed 
by a savage cat under similar circumstances, and 
(4) a mixture of poorly directed rage and general 
psychopathic manifestations, shown by a single 
animal, D187. This cat showed some motor 
defect, as indicated by ataxia and stiffness of gait. 
She had a sullen appearance, frequently panted 
and made useless movements. 


The manner of development of the savage type 
of behavior varied. In general, a lack of favor- 
able response to petting and fondling was one 
of the first changes noted. In some cats the com- 
plete pattern of savage behavior developed almost 
immediately or in a very short time after opera- 
tion. In other cats several days to several weeks 
elapsed before all the physical manifestations of 
savageness were displayed. The amount and 
type of handling undoubtedly were important 
factors affecting this change, and every attempt 
was made to subject each of the 42 cats to the 
same treatment. Often, savage cats can be 
touched, or even pushed aside, just before they 
are fed and they are not so likely to attack at 
such times, especially if they see food. No other 
inducement produced this effect. 


Records of weight were kept on these cats, 
more as a means of checking on their general 
health than of observing changes referable to 
obesity. Several cats which became savage 
showed proportionately greater increases in 
weight after the production of the lesions than 
did the animals which remained normal or those 
which showed varying degrees of change in be- 
havior. Although the fat, protein and carbo- 
hydrate content of the food was not determined 
quantitatively, all the cats were fed equal portions 
of the same food. The principal difference in 
food intake was the rapidity of ingestion. The 
savage cats either ate hurriedly or wolfed their 
food, while normal cats given the same diet ate 
slowly, frequently taking several hours to con- 
sume their allowance. No attempt was made 
to keep measured records of the amount of 
activity before and after the placement of the 
lesion; therefore, comprehensive conclusions as 
to the mechanism producing this obesity are im- 
possible (Hetherington and Ranson **; Tepper- 
man, Brobeck and Long **). There exists the 
interesting possibility that the avid appetite ob- 
served in certain of the cats was part of a further 
behavioral change; thus, Brobeck, Tepperman 


32. Hetherington, A. W., and Ranson, S. W.: The 
Spontaneous Activity and Food Intake of Rats with 
Hypothalamic Lesions, Am. J. Physiol. 136:609, 1942. 

33. Tepperman, J.; Brobeck, J. R., and Long, C. N. 
H.: A Study of Experimental Hypothalamic Obesity 
in the Rat, Am. J. Physiol. 133:488, 1941. 
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and Long ** stated that the obesity in rats fol- 
lowing hypothalamic lesions was due to “hypo. 
thalamic hyperphagia.” It is certain that vora- 
cious, tigerish appetite and manner of eating 
were components of the behavior of many of 
the savage cats in my series, and 1 savage 
animal kept for many months on an unrestricted 
diet became exceedingly fat. 

BEHAVIOR IN RESPONSE TO CONTROLLED 

STIMULI 


Three general types of behavior were noted 
in the preoperative responses to electrical shock 
(recorded in vertical column B in tables 1 to 4); 
(1) responses in which the cat merely assumed 
a crouched position and a resigned attitude, with 
an occasional plaintive meow or light growl; 
(2) responses in which the cat attempted to 
escape or fought the harness or attacked some 
inanimate object in the cage, and (3) responses 
to the first shock by convulsive leaping and 
falling until exhaustion occurred. In these ob- 
servations each cat was given at least fifty shocks 
with an interrupted faradic current from a Har- 
vard inductorium. The current was of sufficient 


_strength to cause a noticeable contraction of the 


shoulder muscles. In column B, tables 1 to 4, 
a response of the first type is indicated by 0. 
Escape reactions are indicated by E, and the num- 
ber of attempts at escape during the course of the 
fifty stimulations is shown by the numeral follow- 
ing the corresponding E. Aggressive activity is 
indicated by R, and the number of such responses, 
by the numeral following the corresponding R. 
The convulsive type of reaction is indicated by C. 
When not responding with fear, rage or convul- 
sions, the cat usually sat in a crouched position; 
sometimes it wandered around meowing or growl- 
ing, but only definite attempts to escape or vicious 
attacks were counted during the experiment. 


After recovery from the operation and after 
the treatment to minimize conditioning, as pre- 
viously described, the cats were again subjected 
to this type of stimulation under conditions sim- 
ilar to those imposed before operation. The 
same three types of behavior patterns were 
observed; these are indicated in column A of 
the tables in the same manner as the reactions 
in column B. The principal difference noted 
between the preoperative and the postoperative 
reactions was the increased incidence of 
escape and rage or attack reactions in most of 
the cats which showed pronounced behavior 
changes or which became savage. In fact, nearly 


34. Brobeck, J. R.; Tepperman, J., and Long, C. N. 
H.: Experimental Hypothalamic Hyperphagia in the 
Albino Rat, Yale J. Biol. & Med. 15:831, 1943. 
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Figs. 1-4—Lesions in the brain of cats showing normal postoperative behavior. 1 (cat P16), right unilateral 
thalamic lesion above the anterior hypothalamic area; 2 (cat P16), right unilateral thalamic lesion above the 
dorsomedial hypothalamic nucleus; 3 (cat P16), right unilateral lesion above the ventromedial hypothalamic 
nucleus; 4 (cat P16), right unilateral lesion in the posterior hypothalamic nucleus. 


In these figures and in figures 9 to 21, the diencephalic structures are designated as follows: AD, nucleus 
anterodorsalis; AM, nucleus anteromedialis; Arc, nucleus ventralis pars arcuata; AV, nucleus anteroventralis; 
CL, nucleus centralis lateralis; CP, cerebral peduncle; dHa, dorsal hypothalamic area; E, nucleus entopeduncu- 
laris; Ext, nucleus ventralis pars externa; F, fornix and nucleus perifornicalis; FHT, pallidohypothalamic fibers ; 
GLD, nucleus geniculatus lateralis dorsalis; GX, Ganser’s commissure; H:, Hi: field of Forel; Hs, He field of 
Forel; Ha, anterior hypothalamic area; Hdm, nucleus hypothalamicus dorsomedialis; HL, nucleus hypothalamicus 
lateralis; HP, tractus habenulopeduncularis; Hp, nucleus hypothalamicus posterior; Hvm, nucleus hypothalamicus 
ventromedialis; JAM, nucleus commissuralis interanteromedialis; JC, internal capsuie; JV, nucleus commissuralis 
interventralis: LA, nucleus lateralis pars anterior; LJ, nucleus lateralis pars intermedia; MD, nucleus medialis 
dorsalis: MFB, medial forebrain bundle; MI, nucleus mamillaris lateralis; Mm, nucleus mamillaris medialis ; 
MT, mammillothalamic tract; MX, Meynert’s commissure; NCM, nucleus centralis medialis; O, nucleus supra- 
chiasmaticus; OC, optic chiasm; OT, optic tract; Pa, nucleus paraventricularis anterior; PaV, nucleus hypo- 
thalamicus paraventricularis; Pc, nucleus paracentralis; Pd, nucleus hypothalamicus periventricularis dorsalis; 
Pt, nucleus parataenialis; Pv, nucleus periventricularis arcuatus; Pvf, periventricular fibers; R, nucleus reticu- 
laris; Re, nucleus reuniens; Rh, nucleus rhomboidalis; S, stria medullaris; Sm, nucleus submedius; SMA, nucleus 
interstitialis supramamillaris; SO, nucleus supraopticus; SOD, nucleus supraopticus diffusus; St, stria terminalis; 
STh, nucleus subthalamicus; Tr, transition area; VA, nucleus ventralis pars anterior; VM, nucleus ventralis pars 
medialis, and ZJ, zona incerta. 
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302 ARCHIVES OF 
all the animals tested in the latter group re- 
sponded violently to each shock. There were 
some exceptions. In several animals preopera- 
tive escape responses were transformed to rage 
responses after operation. 

It was not possible to discern a good corre- 
lation between the intensity of the stimulus (as 
measured by separation of the primary and the 
secondary coil) and the type of response from 
one animal to another. Some cats responded 
to light stimuli. With others it was necessary 
to increase the intensity of current until the 


NEUROLOGY 


AND PSYCHIATRY 
from a quantitative standpoint, it is obvious that 
the animals which manifested definite changes in 
affective behavior responded to the shocks in a 
characteristically more violent fashion. 
Responses to raucous, frightening noises were 
less constant, both before and after operation, 
While the noises caused a relatively large num- 
ber of fear reactions, changes in response con- 
sistent with altered type of behavior were not 
general. This phase of the work may be dis- 
missed with the comment that animals of al] 
types were usually capable of showing true fear 


Figs. 5-8.—Figure 5 (cat P16), right unilateral lesion in the mamillary region; 6 (cat P6), bilateral lesions 
in the anterior hypothalamic areas; 7 (cat P6), bilateral lesions in the dorsal hypothalamic nuclei, and 8 (cat 
P6), spots of gliosis in the extreme anterior tip of the ventromedial hypothalamic nuclei. 


shoulder muscles contracted. Furthermore, there 
was no really satisfactory correlation between 
the preoperative and the postoperative stimulus 
thresholds. In general, the intensity was the 
same, but when changes were necessary, this 
change could not always be correlated with the 
type of behavior pattern which developed after 
operation. However, although these attempted 
objective tests were not altogether satisfactory 


behavior in response to noise, but that this type 
of stimulation was frequently ignored entirely, 
both before and after operation. 


ANATOMIC OBSERVATIONS AND 
ILLUSTRATIVE PROTOCOLS 
Because of the importance of a precise analysis 
of the destruction caused by the experimental 
lesions, the nuclear configuration correlated with 
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stereotaxic measurements as worked out by In- 
gram, Hannett and Ranson *° was followed. The 
terminology used conforms with that adopted 
by the Association for Research in Nervous 
and Mental Disease (Rioch, Wislocki and 
O'Leary *°). 

The nuclei and well established tracts most 
frequently involved by the lesions are indicated 
in tables 1 to 4. Slight damage to one of these 
structures is indicated by S. X denotes com- 


damage to loss of one-half the structure, and 
M indicates loss of more than one-half but less 
than complete destruction. These symbols used 
alone denote bilateral and symmetric involvement. 
Unilateral damage is indicated by L or D before 
the S, E, M or X; L means that the damage 
was restgicted to the left side; D, to the right 
side. 

The cats subjected to blank operations as con- 
trols showed no postoperative changes in be- 


Figs. 9-12.—Lesions in the brain of cats showing savage postoperative behavior. 9 (cat P42), lesions above 
the optic chiasm; J0 (cat P42), lesions in the region of the dorsomedial hypothalamic nuclei; 11 (cat P42), 
lesions in the region of the ventromedial hypothalamic nuclei; 12 (cat P42), lesions in the posterior hypo- 


thalamic area. 


plete destruction. 
tween these two extremes was estimated in rela- 


The amount of damage be- 


tion to the gross size of the remaining parts. 
E denotes a range of destruction from slight 


35. Ingram, W. R.; Hannett, F. I., and Ranson, S. 
W.: The Topography of Nuclei of the Diencephalon of 
the Cat, J. Comp. Neurol. 55:333, 1932. 

36. Rioch, D. M.: Wislocki, G. B., and O’Leary, J. 
L.: A Précis of Preoptic, Hypothalamic and Hypo- 
physial Terminology, with Atlas, A. Research Nerv. 
& Ment. Dis., Proc. 20:30, 1940. 


havior, and observations on them are not included 
in the tables. Sixteen cats remained friendly and 
displayed normal behavior despite the variety 
of destructive lesions indicated in table 1. The 
lesions in certain typical members of this group 
are illustrated in figures 1 to 8. Cat P6 (figs. 
6,7 and 8) showed no definite change in behavior 
despite destruction of the anterior hypothalamic 
area, Ganser’s commissure, the suprachiasmatic 
nucleus and the supraoptic nucleus, with severe 
damage to the fornix, the perifornical area, the 
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nucleus supraopticus diffusus and the nucleus 
hypothalamicus dorsomedialis. Cat P16, which 
also showed no postoperative change in behavior, 
had a unilateral lesion on the right side extending 
from the stria medullaris down in a slanting 
direction through the hypothalamus to the right 
nucleus mamillaris lateralis. 
tocol is typical for the cats which showed no 
change in behavior. The results of electrical 
stimulation are indicated in columns A and B 
of table 1. 


The following pro- 


time making friendly advances to the observer. She 
was fond of her food but ate daintily. Her fur was 
spotless and well groomed. When in estrus she showed 
the usual female attitude toward male cats. 

On April 28, she was operated on while under anes- 
thesia induced with pentobarbital sodium, and bilateraj 
lesions were placed in the hypothalamus with a direct 
current of 3 milliamperes. The time of electrolysis was 
thirty to sixty seconds. She was kept in a warm 
chamber (31 C.) during the period of recovery. 

The period of convalescence was brief, and by May 3, 
she was eating all food. She showed no change from 
her normal preoperative behavior except during the 
first few days, when she was not lively enough to play, 


Figs. 13-15.—Figure 13 (cat P20), bilateral lesions in the ventromedial hypothalamic nuclei; 14 (cat P29), 
bilateral lesions in the ventromedial hypothalamic nuclei, and 15 (cat P31), bilateral lesions in the ventromedial 


hypothalamic nuclei. 


Cat P16.—This cat, a small but sexually mature 
female, was very friendly to people and to all other 
cats. When she was handled roughly, she did not use 
her claws or teeth in attempting to escape. She re- 
sponded immediately to petting with such signs of 
feline pleasure as rubbing against the observer, purring 
and other vocalizations. She was exceedingly playful 
and when out of her cage would gambol with other 
cats or play with inanimate objects. She spent much 


Even when sick she responded favorably to petting and 
did not become irritable when roughed. As shown in 
table 1, the incidence of rage responses when she was 
subjected to electric shock was not increased. The 
lesions are illustrated in figures 1, 2, 3, 4 and 5 and 
are summarized in table 1. 


Table 2 summarizes the structures damaged 
or destroyed in the cats which showed slight 


Lesions Displaying Normal Behavior 


TABLE 1—Data on Sixteen Cats with Hypothalamic 
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Figs. 16-21—Lesions in the brains of cats showing slight change in postoperative behavior. 16 (cat Pl), 
bilateral lesions in the ventromedial region of the thal 


amus and the dorsomedial area of the hypothalamus above 
the ventromedial hypothalamic nuclei; 


17 (cat P1), bilateral lesions destroying the ventromedial thalamic struc- 
ture and the dorsomedial hypothalamic structures in the posterior hypothalamic areas; 18 (cat P15), bilateral 
unilateral lesion in the region of the left dorsomedial hypothalamic nucleus; 19 (cat P15), 
the region of the left ventromedial hypothalamic nucleus; 20 (cat P37), unilateral damage to 
medial hypothalamic nucleus, and 21 (cat P37), 


unilateral lesion in 

the right ventro- 
lesions in the posterior hypothalamic areas. 


post 
in W 
vari: 
noc 
ture: 
yet | 
or e 
ever 
regic 
nucl 
pare 
also 
of tl 
in 
truls 
exar 
denc 
his 
men 
and 
ing 
of a 
18a 
had 
beco 
frien 
exar 
part 
nole: 
beca 
usin, 
sive, 
to 
frier 
Ir 
tract 
beca 
in th 
cats 
spon 
beha 
desc 
for | 
certz 
A 
sam] 
lesio 
out 
of th 
Sava 
area 
only 
mait 
the 
med 
In 
unife 
incic 


st ~ 
cL “Er ul 
St 
Py B 
\ \ 1AM VA, 
re Y 
x 
soo Hoes 
a X / Ext 
20. al. 


> 


t Pl), 
above 
struc- 

lateral 

ion in 
yentro- 


WHEATLEY—HYPOTHALAMUS AND BEHAVIOR 307 


postoperative changes in behavior and in those 
in which the behavior pattern was designated as 
variable. - In these cats, as in the animals showing 
no change, a wide variety of hypothalamic struc- 
tures was destroyed or damaged to some degree ; 
yet no single structure was consistently injured 
or eliminated. It is perhaps significant, how- 
ever, that the incidence of involvement of the 
regions of the ventromedial and dorsomedial 
nuclei was increased in these groups, as com- 
pared with the cats in the first group. It is 
also noteworthy that despite bilateral destruction 
of the ventromedial area of the dorsal thalamus 
in certain animals, these cats did not become 
truly savage. Cat Pl (figs. 16 and 17) is an 
example. This animal had an increased ten- 
dency to growl. When disturbed, he would use 
his claws in attempting to escape rough treat- 
ment but always responded favorably to petting 
and never displayed a vicious attitude. Interest- 
ing information on the relative absence of effect 
of a unilateral lesion is given by cat P15 (figs. 
18 and 19) and cat P37 (figs. 20 and 21), which 
had extensive unilateral damage but did not 
become savage and might easily be classed as 
friendly. Cat P43 (table 2) is an interesting 
example of the effects of a lesion in the caudal 
part of the hypothalamus. This cat was som- 
nolent. for a week after the operation; yet he 
became irritated when roughed, growling and 
using his claws and teeth. He was not aggres- 
sive, however, and would respond immediately 
to petting with all the signs of pleasure of a 
friendly cat. 

In tables 3 and 4 are tabulated the nuclei and 
tracts destroyed or damaged in the cats which 
became savage or showed pronounced change 
in the direction of savageness. Not one of these 
cats showed any postoperative tendency to re- 
spond favorably to petting. Their attitude and 
behavior have already been described, and this 
description holds for the group, with allowance 
for some individual differences with respect to 
certain items. 

As the tables show, there was an extensive 
sampling of hypothalamic structures involved by 
lesions in these cats. It is important to point 
out that there was relatively little involvement 
of the dorsal thalamus, especially in the extremely 
Savage cats. Also, while the lateral hypothalamic 
area was frequently encroached on, it was usually 
only slightly damaged, and in some cats it re- 
mained quite intact. The striking thing was 
the almost universal incidence of injury to the 
medial hypothalamic nuclei in these animals. 
In not all, however, was the degree of damage 
uniform. The most consistent results as to both 
incidence and degree were noted in the nucleus 


hypothalamicus ventromedialis. Most of the 
cats exhibiting a pronounced change in behavior 
had the ventromedial hypothalamic nucleus de- 
stroyed. All the savage cats showed complete 
destruction of this nucleus except cat P42 (figs. 
9, 10, 11 and 12), in which the right nucleus 
was destroyed and approximately 60 per cent 
of the left nucleus was eliminated. The known 
lateral and dorsal fiber connections of the left 
nucleus, including the pallidohypothalamic fibers, 
were destroyed. It may, furthermore, be said 
that every cat in which the area of the ventro- 
medial hypothalamic nucleus was destroyed be- 
came savage or showed a marked tendency 
toward savageness. In many of the cats with 
pronounced change in behavior which showed 
complete destruction of the ventromedial nucleus 
the only criterion which prevented classification 
of the behavior as savage was the fact that they 
would not attack inanimate objects. They would, 
however, savagely attack other cats or man. 
The true “savage” cats would attack anything 
when irritated. The animals of the group with 
pronounced change in behavior in which part of 
the nucleus hypothalamicus ventromedialis re- 
mained (cats P23, P35 and P41) were the least 
savage in this category; while they never 
responded favorably to petting, they frequently 
retreated threateningly instead of taking an ag- 
gressive attitude toward the observer. Not 
enough data were available on the behavior 
of cat D1I102 to determine the exact degree of 
savageness it manifested. 

In some of the savage animals the lesions were 
highly restricted and specific, as in cat P20 (fig. 
13). Of course, when the nucleus hypothala- 
micus ventromedialis was destroyed, all the pal- 
lidohypothalamic fibers entering it were also 
eliminated or they were necessarily indicated 
as such in the table. Unless the nucleus was 
not completely destroyed, as in cat P42, the two 
structures must be considered as a unit. It is 
perhaps significant that in savage cat P42 the 
pallidohypothalamic fibers were eliminated, and 
in most of the cats showing pronounced change 
in behavior with incomplete destruction of the 
ventromedial nucleus this fiber system was se- 
verely damaged. A neighboring structure, the 
fornix column, was often affected in the cats 
with decided change in or savage behavior. 
However, in some cats it escaped, while in the 
animals showing normal behavior or slight 
changes in behavior it was sometimes destroyed. 
These observations tend to eliminate the fornix 
from consideration as a factor the loss of which 
contributes to “savageness.” Figures 13 (cat 
P20), 14 (cat P29) and 15 (cat P31) illustrate 


hypothalamic lesions associated with savageness. 
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The following protocol is that of a typical savage 
cat: a 

Cat P20.—During the preoperative period, this cat, 
a mature, gray female, was very friendly although 
somewhat shy. She did not run after other cats and 
sought out the observer only when hungry; otherwise, 
she was content to stay in the background. When she 
was approached, she showed all the friendliness that 
cats can display. She was in estrus from April 16 to 
20. During this time she sought out male cats in the 
usual manner and was not so shy with attendants. After 
this period she returned to her usual shy but friendly 
behavior. When aggressive cats attacked her, she 
cowered back, with ears flattened, but was never 
observed to make an aggressive move. When she was 
roughly handled, she tried to escape but did not use 
her claws and appeared bewildered. She did not play 
with other cats and only occasionally played with a ball 
or string. Her coat was well kept. She was slow and 
dainty in consuming her food. 

On May 4, this cat was operated on while under 
pentobarbital anesthesia. She was then placed in a 
warm chamber (31 C.) for two days. On May 6 she 
licked her lips and growled when handled. She was 
placed in a leather harness to facilitate handling with- 
out danger to the observer; at this time she struck at 
the observer and was restless. On May 7 she ate her 
food. Before feeding she could be touched, but thirty 
minutes later she growled, hissed and struck with 
unsheathed claws when approached. On May 8 she 
assumed a typical “Hallowe’en stance,’ with ears 
flattened against the head, when any one approached 
her cage. She growled, hissed and struck if one 
attempted to touch her. She consumed all her food 
within fifteen minutes after it was placed in her cage. 
Before operation she often took several hours to finish 
her food. On May 9 she ate ravenously. Later she 
struck at the cage door when the observer approached 
her cage. Although she did not fly into a rage when 
food was placed in her cage, she could not be touched 
or petted. She showed marked horripilation and mydri- 
asis when aroused and attacked anything which ap- 
proached her. Usually when irritated she micturated 
several times and defecated until eventually nothing but 
mucus was passed. The volume of this mucus seemed 
abnormally large and may have indicated excessive 
secretion. Attempts to induce her to play with a ball 
or string brought on a fit of rage. When she was 
turned loose in a room with other cats, she attempted 
to retreat and remain in the background but attacked 
in a savage manner any cat that touched her. During 
the period from May 10 to September 21, this cat 
remained in a savage state. She was not observed in 
estrus during that time.’7 

On September 22, cat P20 was operated on while 
under anesthesia induced with pentobarbital, and all the 
neopallium anterior to the midregion of the posterior 
sigmoid gyrus was ablated on both sides. 


37. Although no special effort was made to test the 
sexual behavior of the cats in this series, not one of 
the animals which showed notable change in behavior 
or became savage was observed to display the slightest 
interest in one of the opposite sex. 


EFFECTS OF SECONDARY LESIONS 
AND ABLATIONS 


Some clinical observers (Moniz and Lima **; 
Penfield and Evans **; Messimy,*® and Freeman 
and Watts **) have reported the effects of frontal 
lobectomy and lobotomy on psychoses and neu- 
roses, especially in persons suffering from manic 
or depressive states. According to the general 
theory on which such operations are based, these 
lesions eliminated malfunctioning areas and al- 
lowed other parts of the brain to recover their 
normal functions. Freeman and Watts * ex- 
pressed the belief that “. prefrontal lobot- 
omy acts upon the psychoses by removing more 


-or less completely the emotional component with 


which the ideas are endowed ... ” and that 
this operation “ radically alters the 
personality of the individual in that it makes 
him no longer interested (affectively observant) 
in himself, either as an integrated collection of 
organs, or as a unit of society. . . .” Opin- 
ions vary as to the value of this procedure. The 
exact mechanism whereby ablation or lobotomy 
produces such changes is undetermined. Never- 
theless, the frequency of occurrence of euphoria 
and loss of memory for recent events following 
these operations, as in Brickner’s case (Brick- 
ner **), suggested the possibility that similar 
operations in the savage cats might alter their 
observed behavior. Jacobsen ** and Jacobsen, 
Wolfe and Jackson ** reported that, in addition 
to these two principal effects noted in man, mon- 
keys and chimpanzees after frontal lobectomy 
no longer displayed the “temper tantrums” which 
difficult problems evoked in certain normal ani- 
mals. 


Removal of the frontal areas in cats has 
usually been observed to have little effect on 
emotional expression (Magoun and Ranson ?*; 
Barris **; Spiegel, Miller and Oppenheimer 25). 


38. Moniz, E., and Lima, A.: Symptémes du lobe 
préfrontal, Rev. neurol. 65:582, 1936. 

39. Penfield, W., and Evans, J. P.: The Frontal Lobe 
in Man: A Clinical Study of Maximum Removals, 
Brain 58:115, 1935. 

40. Messimy, R.: Les effets chez l’homme des lésions 
préfrontales, Ann. de méd. 45:321, 1939. 

41. Freeman, W., and Watts, J. W.: The Radical 
Treatment of the Psychoses and Neuroses, Dis. Nerv. 
System 3:6, 1942. ; 

42. Brickner, R. W.: Intellectual Functions of the 
Frontal Lobes: A Study Based upon Observations of 
a Man After Partial Bilateral Frontal Lobectomy, 
New York, The Macmillan Company, 1936. 

43. Jacobsen, C. F.: The Effects of Extirpations on 
Higher Brain Processes, Physiol. Rev. 19:303, 1939. 

44. Jacobsen, C. F.; Wolfe, J. B., and Jackson, T. 
A.: An Experimental Analysis of the Functions of 
the Frontal Association Areas in Primates, J. Nerv. & 
Ment. Dis. 82:1, 1935. 
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Kliiver and Bucy ** found that in monkeys the 
removal of both temporal lobes, including the 
uncus and the greater part of the hippocampus, 
produced notable changes in emotional behavior 
in the sense that the motor and vocal reactions 
generally associated with anger and fear were 
not exhibited. 


Various cortical areas were destroyed in some 
cats in this series of experiments to determine 
whether such lesions would be followed by addi- 
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tional alterations in affective behavior. Cat 
P20 was one of the animals treated in this 
manner, and the effect of lesions of the frontal 
lobe is illustrated by the continuation of the 
protocol begun in the preceding section, 


The convalescence was marked by ataxia, motor 
difficulty and loss of postural reactions. There were 
no definite cataleptic symptoms. Although the cat 
frequently slumped to the floor in an awkward position, 
with her legs sprawled under her body, she did not 
remain stationary in any fixed position while standing 


Figs. 22-23.—22, 


photograph of the left side of the 
normal brain of a cat. 
In this figure and in figures 22 to 29, the following 


abbreviations indicate the gross structures: 4, 
sigmoides posterior; C, gyrus coronalis; EA, gyrus 
ectosylvius anterior; EM, gyrus ectosylvius medius; 
EP, gyrus ectosylvius posterior; GL, gyrus lateralis; 
GSA, gyrus suprasylvius anterior; GSM, gyrus supra- 
sylvius medius; GSP, gyrus suprasylvius posterior; H, 
gyrus orbitalis; OB, olfactory bulb; P, gyrus sigmoides 
posterior; SA, gyrus sylvius anterior ; SM, gyrus sylvius 
medius; SP, gyrus sylvius posterior; 7, olfactory tract, 
and Y, gyrus proreus. 


gyrus 


23, photograph of the right side of the brain of cat 
P20. In this cat the gyrus proreus was removed, and 
the following gyri were damaged: The right gyrus 
sigmoides anterior was removed, and the rostral half 
of the left gyrus was ablated, with extensive damage to 
the part remaining; the gyrus sigmoides posterior was 
damaged rostrally on both there were slight 
damage bilaterally to the rostral portion of the genual 
gyrus, damage to both coronal gyri and slight damage 
to the rostral end of the left lateral gyrus. The left 
olfactory tract sustained a slight incision dorsally. 


sides ; 


45. Kliiver, H., and Bucy, P. C.: 
Analysis of Functions of the 
Monkeys, Arch. 
1939. 


Preliminary 
Temporal Lobe in 
Neurol. & Psychiat. 42:979 (Dec.) 


Figs. 24-25.—24, photograph of the right side of the 
brain of cat P31. In this cat, an attempt was made to 
damage the temporal region, in view of the observa- 
tion by Kliver and Bucy *® of a taming effect of such 
lesions in monkeys. The auditory projection area was 
therefore cauterized. As already mentioned, no change 
in emotional reactivity resulted in this experiment. On 
the right side, the anterior third of the cortex, the 
longitudinal part of the gyrus lateralis and the gyri 
adjacent to the inferior half of the lateral sulcus were 
undamaged. All other gyri on the lateral surface were 
damaged more or less, with the greatest destruction 
noticeable about 16 mm. dorsal to the ventral surface 
of the pyriform lobe. 

25, photograph of the left side of the brain of cat 
P31. On the left side, all the gyri behind the posterior 
sigmoid gyrus showed varying degrees of damage or 
destruction. The area of greatest damage was in the 
gyrus ectosylvius medius. On both sides the damage 
affected not only auditory but visual areas, and sensory 
defects in these modalities were noticeable. 


or when lying on her back in a trough. This cat 
progressively regained a fair degree of control of her 
muscles. She did not eat of her own volition for two 
weeks, and then would not eat when the observer was 
present. Before this she was fed by tube. On eight 
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occasions she received subcutaneous injections of 100 cc. 
of sterile isotonic solution of sodium chloride. During 
these injections she struggled violently and for several 
minutes had good control of her facilities for attacking 
the observer, being able to strike repeatedly. In the 
absence of this intense stimulation, she would strike 
at the observer when approached, but could not 
unhook her claws for several seconds or until 
aroused to another effort. Despite this motor 
dificulty, there was no abatement of savageness, and 
she never responded favorably to petting; in fact, 
she growled and assumed an offensive position on the 
approach of a person or of other cats. On October 9 


cat to cat. 


stroyed. Figure 22 is a photograph of a normal 


- cat brain, shown for purposes of comparison. 


The degree of motor involvement varied from 
All the animals seemed to become 
exhausted after a relatively short period of in- 
tense activity. Some showed restlessness and 


hyperactivity. Cats P18 and P25 had a con- 
spicuous tendency to be attracted by visual stimuli 
—following a moving object but wandering past 
or stopping when the object followed came to 
rest (Smith 


However, shortly after being 


Figs. 26-27.—26, photograph of the right side of the 
brain of cat P18. In this cat, all structures anterior to 
the rostral end of the gyrus ectosylvius anterior were 
extirpated. The anterior surface of the remaining por- 
tions of the brain was necrotic and damaged. 

27, photograph of the right side of the brain of cat 
P23. In this cat, all the neopallium rostral to the gyrus 
sylvius anterior was ablated or severely damaged. The 
olfactory bulbs appeared normal, but the superior sur- 
faces of both olfactory tracts were damaged and eroded 
to a depth of approximately 2 mm. 


the cat became so enraged when handled that it was 
impossible to test her postural reactions. She urinated, 
defecated and showed all the behavior pattern of a 
Savage cat. She was then killed; the head was per- 
fused with a dilute neutral solution of formaldehyde, 
and the brain was removed for examination. Figure 23 
is a photograph of the brain of this cat, showing the 
extent of damage and ablation. 


Similarly, various portions of the cerebral 
hemispheres of cat P31 (figs. 24 and 25), cat 
P18 (fig. 26), cat P23 (fig. 27), cat P28 (fig. 28) 
and cat P25 (fig. 29) were extirpated or de- 


Figs. 28-29.—28, photograph of the right side of the 
brain of cat P28. The right olfactory bulb was removed 
and the corresponding tract removed rostral to the 
olfactory tubercle, with involvement of the tubercle. 
Most of the olfactory bulb and tract on the left side 
were removed, but the lateral third did not show com- 
plete degeneration. The rostral end of the anterior sig- 
moid gyrus was damaged. 

29, photograph of the right side of the brain of cat 
P25. In this cat, the gyrus proreus and the gyrus sig- 
moides anterior were ablated. The gyrus sigmoides 
posterior was completely extirpated on the right side, 
but a small degenerated portion remained on the left. 
Laterally, all the neopallium rostral to the gyrus ecto- 
sylvius anterior was removed. The rostral ends of the 
remaining portions of the neopallial gyri were damaged, 
and there were several pits. An area of softening in the 
region of the medial longitudinal fissure extended back 
into the genu of the corpus callosum. Both olfactory 
tracts were damaged posterior to the bulb. 


46. Smith, K. U.: Hyperactivity in the Cat After 
Ablation of the Frontal Lobes and Its Relation to 
Visually Controlled Aspects of Behavior, Psychol. Bull. 
39:493, 1942. 
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handled, as for hypodermoclysis, they would rap- 
idly chase the observer about the room and 
attack him when he stopped. 

With 1 exception, cat P23 (fig. 27), these 
cats showed no definite change in emotional 
status. After the ablation of the neopallium 
anterior to the ansate sulcus, cat P23 did not 
show mydriasis, horripilation or the threatening 
retreat which she exhibited after the operation 
on the hypothalamus; however, she never re- 
sponded favorably to petting and still growled 
and hissed when handled. She exhibited hyper- 
activity to a notable degree, bumping and pushing 
into the corners and sides of her cage. She 
opened the incision the second day after the 
operation. Her condition rapidly deteriorated, 
and she was killed when in a dying condition, on 
the fourth postoperative day. Cat P31 (figs. 24 
and 25), despite extensive damage to the audi- 
tory and visual areas of the brain, with result- 
ing deficiencies in hearing and vision, attacked 
viciously when touched and growled for several 
minutes after such a contact. 

Although extensive damage to the olfactory 
system in cat P28 (fig. 28) caused such loss 
of the sense of smell that he could not tell the 
difference between food and a mixture of saw- 
dust and water, there was no alteration in the 
behavioral status. A normal cat in which the 
olfactory bulbs were removed likewise showed 
no change in emotional expression. Both these 
cats when hungry would take bites of sawdust 
moistened with water in the same manner in 
which they partook of food. Neither cat swal- 
lowed the sawdust, and both soon spat it out, 
but they were unable to distinguish between it 
and food of similar appearance before they took 
portions of it into the mouth. Normal cats were 
always able to differentiate between the two; at 
least, they never tried to eat the sawdust mixture. 

Several cats in the hypothalamic series had 
shown normal behavior, or only slight change, 
despite destruction of the fornices. The fact that 
Spiegel, Miller and Oppenheimer *° observed pro- 
nounced rage reactions in cats after placement 
of lesions in the fornices, with involvement of 
the septum pellucidum anterior to the columns 
of the fornices, suggested the desirability of per- 
ferming similar operations on cats which had 
shown a continuation of normal behavior, or only 
a slight change. Such lesions were placed in cat 
P32. No behavioral changes followed, although 
the fornices were extensively damaged and the 
septum pellucidum was largely destroyed just 
anterior to the columns of the fornices. A similar 
operation on cat P33 (with normal behavior) 
resulted in total destruction of the fornices, with 
extensive involvement of the septal structures 
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of this area. Although this cat died on the 
second postoperative day, she was able to re. 
spond favorably to petting, and no behavioraj 
change was noted. Also, cat P27 (with a slight 
change in behavior), after extensive destruction 
of the fornices with involvement of the septal 
area, did not show the slightest degree of change 
in the direction of savageness. If anything, she 
became less irritable and purred almost con- 
stantly when in the observer’s presence. 

Additional lesions were placed in this area jn 
cat P29 (savage); and, although the fornices 
had been destroyed by the primary lesions, the 
damage to the septum pellucidum did not cause 
any further alteration in behavior. She lost 
none of her savageness. 

Unless otherwise noted, all cats with secondary 
lesions were killed after a period of survival 
adequate for behavioral studies. 


COMMENT 


The correlation of the destruction of the area 
of the ventromedial hypothalamic nucleus with 
the development of a savage type of behavior 
is a new observation. Ingram ** had observed 
such changes in the personalities of cats follow- 
ing lesions in this general area, but the destruc- 
tion was not confined to such relatively narrow 
limits. Alpers ** reported the case of a patient 
who was subject to periods of excitement border- 
ing on rage. Microscopic examination revealed 
that most of the medial hypothalamic nuclei 
were severely damaged. There have been sim- 
ilar reports by other clinical observers, but patho- 
logic lesions of the sort affecting the hypo- 
thalamus are rarely restricted enough for pur- 
poses of precise localization. 

The destruction of thalamic structures or uni- 
lateral lesions in the hypothalamus in the present 
series did not result in the development of “sav- 
age” behavior. These observations differ from 
those of Kessler,°° who described aggressive ac- 
tivity in cats following unilateral destruction of 
the thalamus or the hypothalamus. Kessler 
stated: “An unusual lability of the subject’s 
emotional display . resulted from uni- 
lateral. diencephalic lesions “placed under more 
or less direct vision by following the stump of 
one optic nerve to the chiasmal region.” His 
observations were not supported by detailed his- 
tologic study, and the placement of the lesions, 
according to his description, was vague. 

Fulton and Ingraham *’ reported emotional 
disturbances following lesions placed in the base 


47. Fulton, 
Disturbances 
Base of the 
90:353, 1929. 


J. F., and Ingraham, F. D.: Emotional 
Following Experimental Lesions of the 
Brain (Pre-Chiasmal), Am. J. Physiol. 
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of the brain rostral to the chiasm. This often cited 
observation was not supported by histologic de- 
limitation of the structures involved. Spiegel, 
Miller and Oppenheimer *° reported: 


. lesions encroaching upon the olfactory tubercles 
or jsolated lesions of the tubercles were followed by 
distinct rage reactions (6 cases), particularly if the 
lesions extended medialward to the septum pellucidum. 


Extreme rage reactions were obtained after tran- 
section of the fornices and damage to the septum 
pellucidum. These authors also observed some- 
what paradoxic results after bilateral injury to 
the amygdaloid nuclei; both rage reactions and 
cataleptic symptoms followed such lesions. Their 
lesions were illustrated by gross cross sections, 
without apparent histologic analysis. 

Microscopic scrutiny often reveals damage not 
apparent on gross examination. As an example, 
cat DI87 (table 4) had a section of the hypo- 
physial stalk. This structure has no logical con- 
nection with behavior changes of the type dealt 
with here; nevertheless, the cat became savage, 
with additional psychopathic manifestations. 
Gross examination revealed no significant dam- 
age other than section of the stalk. However, 
microscopic study revealed an area of softening 
in the region of the tuber which destroyed the 
ventromedial nuclei and other structures. This 
injury was produced either inadvertently or from 
damage to vascular structures. Other cats sub- 
jected to section of the stalk retained a normal 
type of behavior. Cat DI165 (table 1) exempli- 
fied the usual result of such an operation, and 
microscopic examination of the brain of this cat 
revealed that only the supraoptic nuclei and the 
supraopticohypophysial tracts were degenerated. 

While lesions destroying the region of the 
ventromedial hypothalamic nuclei are associated 
with the development of a savage type of be- 
havior, one must be reserved in assigning to 
this specific cell group a function in the main- 
tenance of normal, restrained, tame behavior. It 
must not be forgotten that this is an area of 
passage of fibers, and it is not impossible that 
there may be here a converging point for fibers 
which in other regions are scattered, so that 
relatively few are susceptible to destruction by 
restricted lesions. On the other hand, it is not 
impossible that in this area, in cats at least, 
important integrative mechanisms of an inhibi- 
tory nature exist. 

The mechanism whereby the destruction of the 
region in question produces the loss of friendli- 
ness and the development of savageness is ob- 
scure. The fact that the condition persists long 
after convalescence and organization of the in- 
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volved areas eliminates irritation as a causative 
agent. Evidence that electrical stimulation of 
this area produces euphoric or friendly behavior 
is almost nonexistent. It is perhaps significant 
in this respect that Gibbs and Gibbs,** in stim-, 
ulating scattered areas throughout the brains of 
400 cats, obtained purring in response to weak 
stimulation of the infundibular region in 3 ani- 
mals. On the other hand, significant results of 
other sorts have been obtained with stimulation 
in hypothalamic areas other than the ventro- 
medial nuclei. Ranson *® -reported that he and 
his associates were successful in eliciting many 
of the manifestations of rage by stimulation of 
the region occupied by the medial forebrain bun- 
dle in the lateral part of the hypothalamus. 
Negative results were obtained by stimulation 
of the surrounding parts of the brain, such as 
the thalamus, the internal capsule, the septum, 
the infundibular stalk and the extrahypothalamic 
gray matter surrounding the fornix, or the fornix 
itself, except where this fiber bundle penetrated 
the lateral hypothalamic area. No rage effects 
were observed on stimulation of the medial por- 
tions of the hypothalamus. It should be added, 
however, that knowledge of hypothalamic func- 
tion, as indicated by stimulation experiments, 
may be extended or modified as different technics 
are applied. 

Rage reactions have been demonstrated by 
Bard and others after decortication and high 
decerebration. These responses have been ex- 
plained on the basis of release phenomena. The 
“sham rage’ exhibited by decorticate animals 
differs in certain respects from the rage reactions 
shown by the savage cats in the present study. 
Whereas the decorticate animals displayed these 
reactions only during the time in whiclt outside 
stimuli were active, the cats in this series con- 
tinued to respond for a considerable period after 
cessation of the stimulus. The attacks of the 
savage cats were well directed, unlike the blind 
fits of emotional display elicitable in the decorti- 
cate animals. For instance, after the destruction 
of the ventromedial region in cats P5 and D18, 
these animals would not attack inanimate objects, 
even avoiding a stick held by the observer in 
order to attack the latter’s hand or arm. The 
emotional reactions of decorticate cats are not 
limited to displays of rage, for several investi- 
gators (Rioch *®; Bard and Rioch 2*; Rioch and 


48. Gibbs, E. L., and Gibbs, F. A.: A Purring 
Center in the Cat’s Brain, J. Comp. Neurol. 64:209, 
1936. 

49. Rioch, D. M.: Certain Aspects of the Behavior 
of Decorticate Cats, Psychiatry 1:339, 1938. 
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Brenner °°) have reported definite pleasure reac- 
tions in such animals. Bard (Bard and Rioch ?*) 
described a preparation in which not only the 
neocortex but the hippocampus and the pyriform 
lobe were removed on each side. This cat, in 
addition to purring, arched her back and made 
pleasure movements with her forepaws when 
suitably stimulated. The savage cats in the pres- 
ent series never responded with the slightest sign 
of pleasure ; and although they might be touched 
with safety before feeding, they could not be 
trusted. They frequently attacked the observer 
at this time. Furthermore, while they ate avidly, 
they did not display the normal signs of enjoy- 
ment of their food. 

Despite these differences in behavioral pat- 
terns, the responses of the two types of animals 
showed definite characteristics of emotional reac- 
tivity suggestive of rage. Normal emotion is 
undoubtedly impossible in both the “sham rage”’ 
animals and the “savage” animals. Any state- 
ment as to the relative importance of either the 
cortex or the ventromedial hypothalamic area 
with respect to each other and to the organism 
as a whole would be sheer speculation. If the 
hypothesis of “release” is accepted, it must be 
acknowledged that the structures inhibited have 
10t yet been localized. Possibly they are located 
at several levels. The work of Bard * and that 
of Ranson *** suggest the possibility that at least 
part of the excitatory area may be situated in 
the hypothalamus. Lesions dorsolateral to the 
mamillary nuclei changed wild monkeys into tame 
ones. Bard expressed the opinion that the es- 
sential area was in the caudal part of the hypo- 
thalamus. Keller,®* on the other hand, reported 
rage reactions after elimination of all brain tissue 
rostral to the midbrain. This observation makes 
necessary the investigation of excitatory areas 
other than those in the diencephalon. It will 
be recalled, however, that Bard denied that the 
picture of sham rage in its entirety can be ob- 
tained when the caudal part of the hypothalamus 
has been lost. The question of independent 
inhibitory activity by either the cortex or the 
ventromedial hypothalamic nucleus cannot be 
answered with certainty. Undoubtedly, the cor- 
tex inhibits the. activities of subcortical structures, 

but the mechanism of this inhibition with respect 
to emotional behavior and the pathways through 
which it is accomplished have thus far only been 
postulated. Frontal areas have been extirpated 


50. Rioch, D. M., and Brenner, C.: Experiments on 
the Corpus Striatum and Rhinencephalon, J. Comp. 
Neurol. 68:491, 1938. 

51. Keller, A. D.: Autonomic Discharges Elicited by 
Physiological Stimuli in Midbrain Preparations, Am. 
J. Physiol. 100:576, 1932. 


without production of release phenomena (Ma- 
goun and Ranson **; compare Bellows and Van 
Wagenen **). Destruction of auditory areas of 
the cortex in monkeys resulted in suppression, 
rather than release, of rage phenomena (Kliiver 
and Bucy **). Such operative intervention jp 
the savage cats in this series caused no observable 
differences in the behavioral status. 


It is questionable whether the lesions in the 
ventromedial hypothalamic nuclei interrupt in- 
hibitory fibers from the cortex. The identity of 
such fibers in this region has not been properly 
established. Fibers of the periventricular sys- 
tem which connect the thalamus and the hypo- 
thalamus, and which are possibly a part of a cor- 
ticohypothalamic system, are present here; but 
their activities have not been determined. There 
is no reliable anatomic evidence for concentration 
of such fibers in this particular area. 


There is as yet inadequate information as to 
whether the destruction of afferent or efferent 
fibers related to this area has the same effect 
as destruction of the nuclei themselves. For 
instance, in cat P6, afferent fibers passing through 
the anterior hypothalamic area were destroyed 
without apparent effect. Also, in cat P1, the 
ventromedial portions of the thalamus were bilat- 
erally involved in such a way that a great part 
of the thalamohypothalamic fiber system, as well 
as many pallidohypothalamic fibers, were de- 
stroyed without development of savage behavior. 
The only evidence on the positive side is sug- 
gested by the results in a single savage cat (P42), 
in which part of the ventromedial nucleus re- 
mained but in which the pallidohypothalamic and 
other dorsolateral connections were destroyed 
along the entire length of the nucleus. Further 
work on this score is indicated. 


The part played by the area in question 
(whether the nucleus itself as a topographic 
entity or other elements located here) in rela- 
tion to the activities of the nervous system as 
a whole in establishment of behavior patterns 
awaits analysis. Can it be that this area has 
an interlocking activity affecting the functions 
of the cortex? At any rate, present evidence 
indicates that in this restricted area in cats there 
is a nodal point at which the pathways mediat- 
ing benign and malevolent behavior cross. When 
its activities are lost, behavior in cats reverts 
to an unrestrained savage, defensive and anti- 
social type. 


52. Bellows, R. T., and Van Wagenen, W. P.: The 
Effect of Resection of the Olfactory, Gustatory and 
Trigeminal Nerves on Water Drinking in Dogs With- 
out and With Diabetes Insipidus, Am. J. Physiol. 126: 
13, 1939. 
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The matter of corticohypothalamic relations 
remains a problem. Masserman ** observed that 
cats were unable to adapt to direct stimulation 
of the hypothalamus in conditioning experiments 
and concluded that the hypothalamus may not 
be the “dynamic source or the seat of experience 
of affective states.” Nevertheless, some experi- 
ments have indicated that destruction of the 
hypothalamus may alter the activity of the cortex. 
Grinker and Serota* noted temporary abolition 
of the cortical potentials following destruction 
of the hypothalamus in cats. Obrador Alcade ** 
reported no return of cortical potentials follow- 
ing destruction of this area in acute cat prepara- 
tions, and Kennard °° observed that the bilateral 
destruction of the hypothalamus abolished or 
diminished the pattern of the cortical potentials 
in chronic monkey preparations. On the other 
hand, Morison, Finley and Lothrop ™ stated that 
in their experiments they found nothing to sug- 
gest an intimate relation between activity of the 
cortex and that of the hypothalamus. More work 
is necessary to place knowledge of corticohypo- 
thalamic relations on a sound basis. 

A word must be said in regard to lesions 
involving olfactory structures. The part played 
by the olfactory sense in primitive behavior is 
well known. In my experience removal of the 
olfactory bulbs in normal cats and in cat P28 
(with variable behavior) had no effect on emo- 
tional display. Similar results have been reported 
by other investigators (Spiegel, Miller and Op- 
penheimer *°). On the other hand, Bellows and 
Van Wagenen ** reported that the “believed” 
loss of olfactory sense due to injury of the olfac- 
tory tracts was associated with fear, rage or even 
maniacal behavior in dogs. It is not apparent 
that a careful histologic study was made, and 
it is important to note that in performance of 
the operations the frontal lobes were removed 
and various parts of the hypothalamic structures 
damaged. An account of the condition of the 
hypothalamus in these dogs would have been 
interesting. Although Spiegel, Miller and Op- 
penheimer ** reported rage reactions following 
destruction of the fornices with involvement of 


53. Masserman, J. H.: Behavior and Neurosis, Chi- 
cago, University of Chicago Press, 1943. 

54. Obrador Alcade, S.: Effect of Hypothalamic 
Lesions on Electrical Activity of Cerebral Cortex, J. 
Neurophysiol. 6:81, 1943. 

55. Kennard, M. A.: Electroencephalograms of De- 
cofticate Monkeys, J. Neurophysiol. 6:233,.1943; Ef- 
fects on Electroencephalogram of Chronic Lesions of 
Basal Ganglia, Thalamus and Hypothalamus of 
Monkeys, ibid. 6:405, 1943. 

56. Morison, R. S.: Finley, K. H., and Lothrop, G. 
N.: Spontaneous Electrical Activity of Thalamus and 


— Forebrain Structures, J. Neurophysiol. 6:243, 
43. 


the septum pellucidum in cats, the results of such 
lesions in the present experiments were negative. 
Dott and associates t noted no symptoms refer- 
able to section of the fornices and incision of the 
lower part of the septum pellucidum in their 
patients. Spiegel, Miller and Oppenheimer ** 
reported rage reactions following bilateral lesions 
in the olfactory tubercles, especially when the 
lesions extended medially into the septum pellu- 
cidum. The mechanism of this effect needs fur- 
ther investigation. 


A word should perhaps be added with regard 
to the avid appetite and tendency to gain in 
weight of many of the savage cats. My observa- 
tions on the score of obesity were not sufficiently 
controlled with respect to variations in diet, 
metabolic factors and activity to contribute ma- 
terially to the problems involved in the question 
of hypothalamic obesity. It is significant to 
record, however, that cats with hypothalamic 
lesions may become abnormally fat, an observa- 
tion which adds the cat to the species in which 
the phenomenon has previously been noted. It 
is also of interest to note that Hetherington * 
stated the belief that obesity-producing lesions 
in rats are in the region of the ventromedial 
nucleus and that the lesions in the series of 
Brobeck and associates ** were in the same vicin- 
ity. Further work on this score is indicated. 


SUMMARY 


The behavior of 42 selected, tame, friendly 
cats was studied for several weeks. In addition | 
to observation of each animal’s response to every- 
day environmental contacts, such as reactions to 
other cats, behavior toward the observer, feeding 
habits and cleanliness, the response to nociceptive 
electrical stimuli was noted. Bilateral lesions 
were then placed in the hypothalamus with the 
aid of the Horsley-Clarke stereotaxic instrument. 
Daily postoperative records of behavior were 
kept in a manner similar to that for the preopera- 
tive observations. Of the 42 cats, 13 remained 
friendly ; 8 showed slight irritability ; 7 displayed 
pronounced savageness; 10 became very savage, 
and 4 exhibited variabie behavior in that their 
moods of friendliness alternated with periods 
of aggressiveness. Additional lesions were placed 
or ablations of various cortical regions were per- 
formed in 11 of these cats to determine whether 
such intervention would ameliorate savageness 
or produce rage reactions in the cats which had 
retained their normal friendliness. 


57. Hetherington, A. W.: Non-Production of Hypo- 
thalamic Obesity in the Rat by Lesions Rostral or 
Dorsal to the Ventromedial Hypothalamic Nuclei, J. 
Comp. Neurol. 80:33, 1944. 
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The brains were examined histologically. This 
series of brains was supplemented by specimens 
from another group of 28, the behavior of which 
had been noted after production of hypothalamic 
lesions for other purposes. Anatomic analysis 
showed that destruction of the region of the 
nucleus hypothalamicus ventromedialis was in- 
variably associated with savage behavior of an 
extreme type, with complete loss of any friendly 
attitude. In many cases the lesions were highly 
restricted. Partial destruction of this nuclear 
area in many instances was associated with vary- 
ing degrees of affective change. Evidence is not 
available to indicate whether the nucleus itself 
is the controlling factor or whether other factors 
participate. 
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CONCLUSIONS 


Lesions destroying the immediate region of 
the ventromedial hypothalamic nuclei in cats re- 
sult in loss of favorable response to friendly 
treatment and handling and in change from a 
friendly behavior pattern to one of malevolence 
and savageness, to a marked or an extreme de- 
gree. Attempts to produce this result by means 
of other lesions failed. Efforts to modify this 
behavior pattern by lesions or ablations of higher 
regions of the brain have also thus far essentially 
failed. The details of the mechanisms control- 
ling or permitting the change are obscure. 

Dr. W. R. "Ingram advised in the carrying out of 
this experiment. 


State University of Iowa College of Medicine. 
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MOTOR NERVE FUNCTION WITH LESIONS 
OF THE PERIPHERAL NERVES 


A QUANTITATIVE STUDY 


MAJOR ABNER M. HARVEY 


MEDICAL CORPS, 


ARMY OF THE UNITED STATES 


AND 


S. W. KUFFLER 
SYDNEY, AUSTRALIA 


In a great variety of abnormalities of the lower 
motor neuron it is of importance to determine 
the localization and the extent of the injury. 
It is also valuable to obtain a reliable and 
quantitative estimate of recovery of function or 
of the effect of treatment. A simple test has 
been devised which consists of application of a 
maximal electrical stimulus to the motor nerve 
and of recording, through the skin, the action 
potential of the muscle. An ordinary induction 
coil is suitable for stimulation, and the resulting 
electromyogram can be recorded on an ele¢tro- 
cardiograph or any standard type of amplifier. 
Tests of this kind have been performed at an 
Army general hospital with which we are 
associated on patients with a large variety of 
peripheral nerve lesions during the past two 
years. In the present paper it is intended to 
describe the apparatus in detail and to point out 
its usefulness as an aid in the diagnosis and in 
observation of the progress of motor nerve func- 
tion in these patients. 


The present method employs a different ap- 
proach to the problem than the electrical aids 
which have thus far been used in the diagnosis 
and prognosis of nerve injuries. The latter 
procedures may briefly be summarized as fol- 
lows : 


1. The classic method of determining the 
“reaction of degeneration” by faradic and gal- 
vanic stimulation. No accurate quantitative 
data are obtainable by this method, and in cases 
of partial lesions the results may be difficult to 
interpret. 

2. Determinations of chronaxia and duration 
of strength. Significant results can be obtained 
only by plotting the entire curve for the duration 
of strength (Rushton *), while measurements of 
chronaxia give only one point on the curve and 
are of little value in making a quantitative esti- 
mate of muscle function. 


1. Rushton, W. A. H.: Biol. Rev. 10:1, 1935. 


3. The electromyographic method, in which 
spontaneous or voluntary activity is recorded. 
This procedure is of use when the nerve is in- 
accessible to stimulation. Records of this type, 
when used in conjunction with records obtained 
by the method described in this paper, fre- 
quently provide additional information of value. 
Details of these various methods can be found 
in papers by Bauwens *; Watkins,* and Schwab, 
Watkins and Brazier.‘ 


MATERIAL AND METHODS 


Recording.—The electrodes used in recording are 
silver or solder cups (5 to 10 mm. in diameter) with 
a small opening at the top sufficiently large to allow 
the insertion of an 18 gage needle. They are similar 
to the electrodes employed in electroencephalographic 
recording. As good contact of these electrodes is 
essential, the skin should be thoroughly cleansed with 
ether or alcohol. At the point of contact it is 
advisable to scarify the surface of the skin with a 
needle in order to release a small amount of tissue 
fluid. This procedure reduces the interelectrode re- 
sistance and minimizes the stimulus artefact. A drop 
of electrode paste is then placed in the hollow portion 
of the electrodes; they are brought into contact with 
the skin and fixed there by the application of a thin 
layer of collodion over their surface. If, during the 
course of the observation, the stimulus artefact tends to 
increase, it is generally an indication that drying has 
occurred at the point of contact of the electrode with 
the skin, resulting in increased interelectrode resistance. 
This can easily be remedied by applying a drop of 
saline solution through the small opening in the top of 
the electrode. Care should be taken not to allow the 
spread of the solution over the skin in the area of the 
recording or stimulating electrodes. This may result 
in large escapes of current and in stimulus artefacts. 


The simplest method of recording is by means of an 
electrocardiograph or electroencephalograph. No special 


2. Bauwens, P.: Proc. Roy. Soc. Med. 34:459, 1941. 

3. Watkins, A. L.: Arch. Phys. Therapy 23:76, 
1942. 

4. Schwab, R. S.; Watkins, A. L., and Brazier, M. 
A. B.: Quantitation of Muscular Function in Cases of 
Poliomyelitis and Other Motor Nerve Lesions, Arch. 
Neurol. & Psychiat. 50:538 (Nov.) 1943. 
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shielding is required to take these tracings, and in 
general’ they can be obtained under all conditions in 
which electrocardiograms can be taken. If the potential 
can be suitably amplified and recorded on a cathode ray 
tube, as has been done in many of the experiments 
reported in this paper, more detailed observations as 
to its shape and duration can be made (fig. 2). The 
size of normal action potentials from muscles of the 
extremities is generally more than 5 microvolts (fig. 1). 
In most electrocardiographs the sensitivity can be suf- 
ficiently reduced to photograph such potential changes. 
It is necessary to calibrate the sensitivity of the record- 
ing instrument when records are made, so that the 
voltage of the potentials can be compared with those 
taken during subsequent periods of observation and 
alterations due to change in sensitivity of the record- 
ing apparatus recognized. 


Stimulation—The stimulating current for the motor 
nerve is applied by breaking the current flow in the 
primary of an induction coil with a Morse key or any 
suitable type of contact breaker. No appreciable stimu- 
lation occurs when the key in the primary circuit is 
closed, even when the subsequent “break” shock causes 
maximal stimulation of the motor nerve. The key in 
the primary circuit should be pressed down firmly and 
then released suddenly after the motor of the electro- 
cardiograph is started. 

In order to apply maximal stimuli to the motor 
nerves through the skin, high voltages may be required. 
These depend on the ratio of. the windings of the 
primary coil to those of the secondary coil. Coils for 
strong stimulation generally have an iron core in the 
primary circuit. Strength of stimulus can always be 
varied by changing the relative position of the primary 
and the secondary coil to each other. The standard 
induction coils available in physiologic laboratories can 
be used for the purpose. Two stimulating electrodes 
lead from the secondary coil to the patient. One 
“indifferent” electrode consists generally of a large 
copper or zinc plate, about 3 by 5 cm., which makes 
contact with the patient’s extremity about 10 to 20 cm. 
above the point along the nerve to be stimulated. The 
area of application should be rubbed with electrode 
paste, and a piece of cotton wool soaked in saline 
solution may be placed between the skin and the copper 
plate. To insure good contact, the electrode is fixed 
by a bandage or a rubber band. 

The second stimulating electrode consists of a small 
round metal disk (1 cm. in diameter) attached to the 
end of a hardwood rod convenient for manipulation. 
Some gauze or linen may be tightly wound around the 
disk, in order to avoid any unpleasant burning sensation 
during stimulation. Before application of this localized 
stimulating electrode, the area of skin over the nerve 
should be cleaned and moistened with electrode paste 
and the cloth around the electrode soaked in saline 
solution. Stimulation itself does not cause pain, but 
the patient may be surprised by the mechanical re- 
sponse when the shock is first applied. He, therefore, 
should be told when to expect stimulation. During 
stimulation the extremity should be held in a relaxed, 
comfortable position. At the same time general move- 
ment should be prevented as far as possible, as ex- 
cursions of the limb may result in the recording of 
movement potentials. As they always occur after the 
muscle action potential has been photographed, they do 
not interfere with the essential part of the recording, 
but they do cause alteration of the base line. A thin 
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plaster shell provides a convenient support for the 
extremity from which the recordings are made. Severaj 
points along the limb can be lightly strapped to the 
support and excessive movement after stimulation easily 
avoided. 


Points of Stimulation and Areas of Recording—{y 
the upper extremity all the main nerve trunks are ae. 
cessible to stimulation, and records can be made from 
nearly all the superficial muscle groups. However, for 
the most part, muscles which have parallel fibers seem 
to be better suited than others, giving more synchronoys 
and larger action potentials. Generally, one electrode js 
placed over the muscle under investigation and the 
other over an inactive neighboring area or over the 
tendinous portion of the muscle under study. 

Points of Stimulation: In many instances the nerye 
to be stimulated can be located by palpation. The 
optimal location for the stimulating electrode varies 
from one subject to another and can be determined only 
by repeated shifting of the position of the electrode on 
the skin over the nerve until a maximal response is 
obtained. 

Ulnar nerve: This nerve can generally be found with- 
out difficulty in the area above the medial epicondyle 
and is easily palpated. 

Median nerve: This nerve runs in the depth of the 
elbow on the medial side, where it lies behind the 
lacertus fibrosus and is separated from the elbow joint 
by the brachialis muscle. In the forearm it passes 
between the two heads of the pronator teres muscle. 
The best point of stimulation is generally found to be 
proximal to the lacertus fibrosus, just medial to the 
tendon of the biceps muscle. 

Radial nerve: This nerve can be palpated over 2 to 
3 cm. of its length, as it winds posteriorly from the 
medial to the lateral side of the humerus, between the 
medial and the lateral head of the triceps muscle 
Repeated trials are usually necessary, as it is often 
difficult to find the exact point at which maximal 
stimulation can be obtained. 

Common peroneal nerve: In the lower extremity this 
nerve is the most readily accessible. It can be stimu- 
lated behind the head of the fibula at the lateral side 
of the popliteal space. The knee must be bent to a 
varying degree, depending on the position and tone of 
the tendon of the biceps muscle. The correct position 
is easily determined, and maximal stimulation is not 
difficult to obtain. 

Tibial nerve: Maximal stimulation of this nerve is 
frequently difficult, and only a few recordings have 
been made from the muscles which it innervates. 

Areas of Recording: Ulnar nerve: When the ulnar 
nerve is stimulated, recording from the muscles of the 
hypothenar eminence, the abductor pollicis muscle and 
part of the flexor pollicis brevis muscle is possible. 
The abductor digiti quinti muscle is preferable, as 
synchronous action potentials are usually obtained if 
one electrode is placed about 2 to 3 cm. distal to its 
point of origin and the other at the end of the muscle 
or on the skin over the first phalanx of the fifth finger. 

Median nerve: Of the muscles supplied by this nerve, 
the flexor carpi radialis is most suitable, as it is super- 
ficially situated on the volar surface of the forearm. 
Eight to 10 cm. distal to its point of origin is the area 
in which the skin electrode is usually placed. Satis- 
factory records can also be made from the thenar 
eminence. 
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Radial nerve: Records are usually made from the 
prachioradialis and the extensor carpi radialis muscle 
when the radial nerve is stimulated. One electrode is 
generally placed several centimeters below the lateral 
epicondyle and the other in the region of the tendons 
of the extensors, at the wrist. 

Peroneal nerve: In studies of this nerve, recording 
is done most frequently from the tibialis anterior muscle 
about 10 to 15 cm. below the patella and 1 cm. lateral 
to the edge of the tibia, but frequently more nearly 
synchronous and larger potentials are recorded about 3 
cm. laterally, over the extensor digitorum longus and 
the peroneus longus muscle. 

Satisfactory action potentials can be obtained from 
many regions other than those mentioned. The ad- 
visability of recording from a particular muscle fre- 
quently depends on the location of the nerve lesion and 
the set of nerve fibers involved. Thus, in certain cases 
of neuritis some muscles, although supplied by the same 
nerve, are more affected than others; and it is advisable 
to compare the potentials obtained from the various 
muscles innervated by the particular nerve under study. 
If small or complex potentials are obtained, better con- 
ditions for recording may be found after a slight shift 
of one electrode. 


Fig. 1—Action potential of the abductor digiti quinti 
muscle in response to maximal stimulation of the ulnar 
nerve. 

Stimulation by 
electrocardiograph. 


induction coil, with recording on 


During an actual experiment the following steps are 
taken in order to record the voltage of the muscle 
action potential in response to a maximal motor nerve 
stimulus : 


The stimulating electrode is applied at various points 
along the course of the nerve. With practice, one can 
judge when the excitation of the nerve to a single 
stimulus is nearly maximal by observing the degree of 
movement in the contracting muscles and the deflection 
of the recording device. At this point, with the stimulat- 
ing electrode held firmly in position, a record of the 
muscle action potential should be obtained. Without 
alteration in the position of the stimulating electrode, a 
second potential is then recorded after the strength 
of the nerve stimulus has been increased. If the first 
stimulus was maximal, the action potential in response 
to the second, and stronger, of the two stimuli will not 
have increased in size. Figure 1 shows a typical record 
obtained with an induction coil for the stimulation of the 
nerve and an electrocardiograph for the recording of 
the muscle action potential. This potential, of 6 micro- 
volts, from the abductor digiti quinti muscle of a normal 
subject did not increase in size after a stronger stimulus 
was applied to the ulnar nerve. 
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RESULTS 


If records of this type are taken under stand- 
ard conditions, the potential in a normal muscle 
remains constant from day to day and over long 
periods (Harvey and Masland*). Comparison 
of the potentials from corresponding muscles on 
the two sides of the body rarely reveals a dif- 
ference in the size of the potential of more than 
15 per cent. Comparisons of this sort are indi- 
cated in the accompanying table in a variety of 
cases. It will be noted that although the po- 
tential values normally vary greatly for the dif- 
ferent muscles, they are always within the same 
range on the two sides. In general, the voltage 


Action Potential Voltages of a Number of Muscles in 
Response to Maximal Stimulation of 
the Motor Nerve 


Action 
Potential, 
Microvolts 
Muscle Diagnosis Right Left 
A. Normal Nerve 
Abductor digiti quinti...... Normal 6 7 
Adductor pollicis brevis.... Normal 7 nt 
Abductor pollicis brevis.... Normal 18 16 
Flexor carpi radialis....... Normal 165 13 
Flexor carpi radialis....... Normal 12 kite 
Brachioradialis............. Normal 11.5 11.5 
Tibialis anterior............ Normal 12.8 10.8 
= digitorum longus Normal 12.3 12.0 
eg 
B. Unilateral Nerve Lesions 
Abductor digiti quinti...... wo neuritis 5.2 2.4 
t 
Extensor digitorum com- Hysterical wrist 78 7.6 
munis drop (left) 
Brachioradialis............. Traumatic neuritis 11.5 11.5 
(after recovery) 
Brachioradialis............. Traumatic neuritis 11.5 0.5 
Tibialis anterior............ Peripheral neuritis 3.3 6.0 
(right) 
Tibialis anterior............ Peripheral neuritis 14.0 8.4 
(left) 
Tibialis anterior............ Hysterical foot 6.5 7.5 
drop (left) 
Extensor digitorum longus Peripheral! neuritis &.7 1.0 


(leg) (left) 


for any given muscle is within the same range, 
even in different persons. In the second part 
of the table the potentials recorded in a variety 
of clinical conditions are listed. Here, again, it is 
clear that the test is of value only when the nor- 
mal and the abnormal muscle are compared or 
when the potential is recorded from the same 
muscle repeatedly over a considerable period. 

The following cases serve to illustrate the 
variety of problems in which a study of this type 
is useful. 

Hysterical Paralysis——During the past year 
numerous cases of localized weakness of one 
extremity or a portion of one extremity were 
encountered in this hospital. In many of these 
cases the loss of motor function was incomplete, 
and in the absence of sensory changes or alter- 


5. Harvey, A. M., and Masland, R. L.: Bull. Johns 
Hopkins Hosp. 68:81, 1941. 
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ation of reflexes, the differentiation of an or- 
ganic and a hysterical abnormality was difficult. 
With a test available, such as the one described, 
partial loss of motor function can be detected, 
and the diagnosis may be made with more 
assurance. 


A white man aged 26 was admitted with the com- 
plaint of weakness of the right hand, of sudden onset. 
There was no history of injury, and no obvious neuro- 
psychiatric determinant was elicited. 

The reflexes were normally active. Motor power 
was reduced in all the muscles of the hands to about 
one-half the normal, but the weakness was most notice- 
able in the extensors of the wrist and fingers. 

The diagnosis on admission from the previous hos- 
pital was acute, peripheral, nonalcoholic neuritis of the 
right radial nerve, of undetermined cause. 

Action potentials of the muscles supplied by the 
radial nerve were recorded in response to maximal 
electrical stimulation. The voltage of the potential 
from the right arm was the same as that obtained 
from the left (normal) arm, 6 microvolts (fig. 2 A). 


OF NEUROLOGY 


40 msi msec. 


AND PSYCHIATRY 


simultaneously began to complain vigorously of pains 
about the precordial region. After a few weeks in the 
hospital he was returned to duty. 


In each of these cases, as a result of studies 
of the action potentials, a diagnosis of psycho- 
neurosis, hysteria, could be made with more 
certainty than would have been possible on the 
basis of clinical observation alone. ‘The use of 
electrical stimulation and visual observation of 
the mechanical response may be of help when 
the complaint is that of complete loss of move- 
ment, but when partial loss of function is pres- 
ent a definite conclusion cannot be reached with 
certainty without the simultaneous recording of 
the action potential in the affected muscle. 


Progress of Recovery.—The fact that these 
potentials in response to maximal stimulation of 
the motor nerve normally remain constant from 
day to day makes the method useful in following 
the progress of recovery in nerve lesions. 


Fig. 
(induction coil). (A) a case of hysterical paralysis: 
traumatic neuritis of the radial nerve: 


normal 
(a) normal nerve (Nov. 1, 


2.—Muscle action potentials (cathode ray oscillograph) in response to maximal stimulation of the nerve 
(B) a case of | 
stimuli | 


side; (b) paralyzed side. 


1943); (b) paralyzed nerve, two 


(November 1), and (c) paralyzed nerve (three weeks later). 


The patient was referred to the psychiatrist for ex- 
amination, and a diagnosis of psychoneurosis, hysteria, 
in an emotionally unstable personality was made. He 
improved rapidly under treatment and was returned to 
duty. 

A Negro aged 21, a sergeant, was ‘admitted in De- 
cember 1943 because of “paralysis” of the right foot, 
with foot drop, which had been present since May 1943, 
when he dropped an unfused bomb on his foot. 

Examination revealed no power in the dorsiflexor of 
the foot and toes and great reduction in function of the 
plantar flexors. The reflexes were normal. 

Electrical stimulation of the peroneal nerve resulted 
in dorsiflexion of the foot, and the resulting action 
potentials from the tibialis anterior and the extensor 
digitorum longus muscles were equal in voltage to those 
obtained from the corresponding muscles of the normal 
leg. 

The psychiatric consultant made a diagnosis of psy- 
choneurosis, hysteria. After the electrical stimulation 
he was able to move the foot more effectively but 


Figure 3 illustrates the curve of recovery in a 
case of peripheral neuritis. 


A young man, 


with foot drop. ‘The action potentials from correspond- 
ing muscles of the normal and the abnormal leg were 
compared at frequent intervals. The potentials from 
the normal muscles varied from 15 to 16 microvolts. 
The curve shows several points of interest. The po- 
tential remained at about 50 per cent of normal for 
almost three weeks, during which there was no change 
in the degree of weakness on clinical examination. 
During the following three weeks there was a steady 
increase in the size of the potential, which appeared 
for a brief period before demonstrable clinical improve- 
ment. The curve then flattened out, with the potential 


after several months of residence in 
the tropics, suddenly had paralysis of the peroneal nerve | 


remaining 3 to 4 microvolts below that on the normal | 


side. 
presented later 


A detailed study of peripheral neuritis will be } 
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Traumatic Neuritis—Figure 2 B illustrates 
the results of study by this method in a case of 
neuritis due to pressure. 


The patient awakened with complete paralysis of the 
radial nerve after sleeping on a train seat. Studies of 
the action potentials showed no function of the muscles 
in response to stimulation of the nerve. One week 
later improvement began, and the potential within three 
weeks became equal in size to that on the normal side. 
In this instance recovery was complete, in contrast to 
the result in the case illustrated in figure 3, and occurred 
much more rapidly. 


In cases of temporary nerve paralysis of this 
type, as well as in those of partial nerve injury, 
in which it is desirable to know the exact degree 
of dysfunction, practical information can be ob- 
tained by the use of this method of study. Par- 
ticularly in Army hospitals, a hysterical element 
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cent is rarely observed when corresponding nor- 
mal muscles of the extremities are compared; 
(3) whenever a portion of a motor nerve is the 
seat of an organic lesion, the muscle action 
potential is reduced, and the potential returns 
toward normal as the function of the nerve 
increases. 

The records represent the response of the 
muscles to a maximal stimulus of the motor 
nerve fibers innervating it, in contrast to other 
types of records, in which potentials are pro- 
duced by spontaneous or voluntary activity. . 

Studies of the type described appear to be of 
special advantage in the investigation of cases of 
partial nerve injury, peripheral neuritis and an 
exaggerated weakness of muscle power. The 
presence or absence of innervation can be ascer- 


* e e 
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Fig. 3.—Recovery curve in a case of peripheral neuritis involving the peroneal nerve (line of hollow circles and 


dashes). 


may be superimposed in cases of partial nerve 
paralysis, and the extent to which this is present 
can be quickly ascertained if the action potential 
in response to maximal stimulation of the nerve 
is recorded. 

COMMENT 


Motor nerve function in various types of dam- 
age to the peripheral nerves, including periph- 
eral neuritis, was investigated. The method 
which has been used represents a simplification 
of that described by Harvey and Masland ® and 
offers many points of contrast to other types of 
electromyographic study. The following three 
points embodied in this type of study enable an 
accurate and objective estimation of nerve func- 
tion: (1) When a maximal stimulus is applied 
to a motor nerve, the action potentials recorded 
under constant circumstances from the same 
muscle will show only slight variation over long 
periods; (2) a difference of more than 15 per 


The upper curve represents the variation in action potentials for the normal nerve. 


tained, and repeated observations will reveal the 
progress of recovery. This is of special interest 
in the early stages following injury. During the 
first few weeks motor nerves which have not 
been permanently damaged will regain their 
function without undergoing degeneration. The 
recovery curve will then show an initial steep 


rise, as in the case of traumatic neuritis just cited. 


Further return of function will depend on the 
speed at which the damaged nerve fibers regen- 
erate. Factors influencing this are the type of 
injury, its location and the nerve involved. As a 
rule, several weeks elapse during which no 
apparent progress results, as represented by the 
flat portion of the curve in figure 3. 

In order to understand disorders of motor 
function, other types of study should be used in 
conjunction with the method described here and 
the results correlated. Spontaneous activity of 
single muscle fibers can be recorded with con- 
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centric needle electrodes (Adrian and Bronk *), 
while synchronous discharges of muscle groups 
are easily detected by the use of skin electrodes. 
An extensive study of various types of spon- 
taneous activity has been made by Denny-Brown 
and Pennybacker.’| Further, recording of po- 
tentials in response to voluntary motor activity 
may be the only method available when the 
motor nerves are not accessible to stimulation. 


When the information from these two methods 
of study and the one described in this paper are 
correlated, a more complete picture of the motor 
abnormality can be obtained than by the use of 
any one of them alone. 


6. Adrian, E. D., and Bronk, D. W.: J. Physiol. 
67:119, 1929. 


7. Denny-Brown, D. E., and Pennybacker, J. B.: 
Brain 61:311, 1938. 
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SUMMARY 


The method described here allows an accurate 
and objective evaluation of muscle function jp 
cases of lesions of the peripheral neuromuscular 
system. Records can be made from most of the 
muscles of the extremities. 

The motor nerve is stimulated by an induc- 
tion shock, and by records of the muscle action 
potential the localization and extent of partial 
lesions of the nerve can be established. An ordi- 
nary induction coil is sufficient for stimulation, 
and the muscle action potential can be recorded 
by means of an electrocardiograph or any 
standard amplifying system. 

The extent of nerve injuries and the course of 
various types of lower motor neuron involvement 
can be determined. The method is also useful 
in the diagnosis of hysterical muscular dysfunc- 
tion. 
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ELECTRIC SHOCK THERAPY 


CLINICAL, BIOCHEMICAL AND MORPHOLOGIC STUDIES 


S. KATZENELBOGEN, M.D.; 


A. K. BAUR, M.D., 


and A. R. M. COYNE, M.D. 


WASHINGTON, D. C. 


The purpose of this communication is to sum- 
marize our clinical observations and to describe 
more comprehensively studies of the blopd and 
urine made immediately before treatments and 
at short intervals after convulsions. 


CLINICAL OBSERVATIONS 


Tolerance.—The following observations on the 
threshold for convulsions appear to be note- 
worthy: With 1 patient, three attempts made 
at five minute intervals to induce a convulsion 
by application of a current of 450, 500 and 550 
milliamperes respectively for three-tenths second 
in the first treatment and two attempts by appli- 
cation of a current of 500 and 550 milliamperes 
for. five-tenths second in the second treatment 
were followed by momentary loss of conscious- 
ness; five minutes later 600 milliamperes given 
for five-tenths second caused a severe convul- 
sion, which lasted forty-five seconds. In the 
third treatment 650 and 675 milliamperes, again 
given at an interval of five minutes, induced only 
momentary loss of consciousness. In the fourth 
treatment 625 milliamperes given for five-tenths 
second induced a severe convulsion of forty-five 
seconds’ duration. In the fifth and sixth treat- 
ments application of 600 milliamperes for five- 
tenths second also caused severe convulsions of 
fifty and forty seconds’ duration respectively. 
In another patient 500 and 600 milliamperes 
given for three-tenths second evoked convul- 
sions. In the third treatment four attempts with 
application of 600 milliamperes for three-tenths 
second were followed by four petit mal attacks. 
In the fourth treatment 600 milliamperes given 
for three-tenths second again caused a petit mal 
reaction; five minutes later only 300 milli- 
amperes, but applied for five-tenths second, in- 
duced a major convulsion. In a third patient 
450 milliamperes, given in two treatments for 
three-tenths and five-tenths second respectively, 
caused well pronounced convulsions; then two 


From St. Elizabeths Hospital. 

Our research in schizophrenia is aided in part by 
a grant from the Supreme Council Thirty-Third Degree 
Scottish Rite Maséns of the Northern Jurisdiction, 
United States of America. 


successive treatments with 450 milliamperes 
each, one treatment with 500 milliamperes and 
another with 550 milliamperes, each given for 
three-tenths second, were followed by petit mal 
attacks. Because the patient complained of nau- 
sea, no further attempt was made to induce a con- 
vulsion. Ina fourth patient, in the first treatment, 
three attempts with 350 milliamperes and two 
attempts with 450 milliamperes, given for three- 
tenths and for five-tenths second respectively at 
intervals of five minutes, caused petit mal reac- 
tions. In the second treatment three attempts 
with 450, 550 and 600 milliamperes respectively 
for five-tenths second also produced only petit 
mal seizures; the fourth trial, with 600 milli- 
amperes for five-tenths second, caused a fully 
developed convulsion of fifty seconds’ duration. 
In a fifth patient 300 milliamperes given for 
three-tenths second produced a petit mal reac- 
tion. Then, three treatment§ with 350 milliam- 
peres each for three-tenths second were followed 
by convulsions. In the fourth treatment three 
applications of 350, 400 and 450 milliamperes 
respectively for three-tenths second caused only 
petit mal attack, but in the fourth trial 450° 
milliamperes for three-tenths second produced a 
convulsion of sixty seconds’ duration. 

These cases illustrate our common observation 
that the patient’s tolerance of the electric cur- 
rent may change at intervals of a few days or a 
few minutes. The tolerance may remain con- 
sistently high, though undergoing changes; it 
also may diminish considerably within a few 
minutes. To one of us (C.) atmospheric con- 
ditions had appeared to ‘have a bearing on the 
dosage; on a dry, clear day a higher current 
was required than on a humid day. On the 
other hand, we also observed notable changes 
in the tolerance of the electric current in the 
same patient within a few minutes when atmos- 
pheric conditions appeared to be the same. Both 
change and consistency in the threshold for con- 
vulsions were observed with nearly equal fre- 
quencies throughout the treatments. 

Reactions to the Electric Current—A survey 
of the immediate reactions of our patients to the 
passage of the electric current revealed the fol- 
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lowing facts: The latent period was commonly 
three to five seconds, and only occasionally 
twenty to thirty seconds. Petit mal reactions 
were observed with application of currents of 
from 350 to 675 milliamperes for three-tenths 
second. Their frequency was nearly the same 
with currents of from 350 to 450 milliamperes, 
450 to 500 milliamperes and 500 to 550 milli- 
amperes, and was notably less with currents 
of from 550 to 600 milliamperes. Severe and 
moderate convulsions were observed with a cur- 
rent of 300 to 600 milliamperes. However, with 
higher currents the frequency of severe convul- 
sions greatly increased. With a current of 600 
milliamperes given for three-tenths second the 
convulsions were severe in the large majority of 
treatments in the same and in different patients. 


In some of the patients the reactions to the 
electric currents were unusual: One patient 
reacted to 550 milliamperes given for five-tenths 
second with the usual convulsion. He appeared 
relaxed for a minute or so; then he had another 
convulsion, though less severe and of shorter 
duration. With another patient the duration 
of the convulsion was remarkably long, namely, 
fifteen minutes with 500 milliamperes, three 
minutes with 600 milliamperes and six minutes 
with 300 milliamperes. One of our patients dur- 
ing the first three treatments reacted with jack- 
sonian-like convulsions: After a latent period 
for about twenty-five seconds, the patient slowly 
turned his head to the left; his eyes and tongue 
deviated also to the left ; then the fingers of both 
hands began to twitch; this was immediately 
followed by convulsive movements of the right 
side of the body and by a few clonic movements 
on the left side. After the convulsion there was 
a noticeable diminution in the muscular tonus 
on the left side as compared with that on the 
right side. In 1 patient a convulsion of fifty 
seconds’ duration in the fourth treatment was 
followed by apnea for six minutes. With admin- 
istration of nikethamide and artificial respiration 
regular breathing was_ reestablished. 


Postconvulsive Reactions——Nausea with or 
without vomiting was experienced by a few pa- 
tients. Fear of the treatment was noted occasion- 
ally. One patient after the fifth treatment com- 
plained of being afraid of the treatments. Head- 
ache, from which he suffered after the preceding 
two treatments, may have been one of the reasons 
for his fear. Another patient, after a petit mal 
seizure, bade those around him good-by and said 
that he expected to die soon. Five minutes later 
he reacted with a convulsion to an increased 
dose; when he came out of the seizure, he com- 
plained of headache and expressed the belief that 
he was already dead. One of us (S.K.) and 
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associates * had previously observed a similar 
reaction in a patient during metrazol treatment, 


Complications. — Complications occurred in 
only a few of our 276 patients. Three had 
fractures of the head of the humerus. In 1] of 
them the fracture occurred during the third 
treatment. The patient felt greatly improved 
and was content to have his shoulder broken 
rather than to suffer the depression. Five pa- 
tients had vertebral fractures. Curare was given 
prior to the treatment of 17 patients. One 
patient had fracture of the femur at the site of 
a former fracture; the first fracture had been 
followed by a severe depression. 


THERAPEUTIC RESULTS 
The therapeutic results obtained in 276 pa- 
tients are summarized in table 1. 


The relatively large number of patients in the 
schizophrenic group is due in part to the fact 


TasLe 1.—Results of Electric Shock Therapy of Two 
Hundred and Seventy-Six Patients 


Patients 
Patients Showing 
Number Patients Showing No 


of Re- Improve- Improve- 
Diagnosis Patients covered ment ment 
Dementia precox (schizo- 
Manic-depressive psychosis, 
depressive type............. 60 2 16 12 


Involutional psychosis (mel- 

csc 21 6 11 4 
Undifferentiated psychoses 

(schizophrenic-a ffective fea- 


that it includes schizophrenic patients with prom- 
inent affective reactions—depression, tension and 
agitation—and with behavior and feeding prob- 
lems. On the other hand, we were interested in 
trying out the treatment on schizophrenic pa- 
tients without pronounced affective disturbance. 
Patients with essentially or prominently depres- 
sive reactions were included with the patients 
suffering from manic-depressive, involutional 
and undifferentiated psychoses, and a number 
of them, as just mentioned, were placed in the 
schizophrenic group. The relatively high rate 
of “recovery” and “improvement” among the 
last-mentioned patients is to be accounted for, 
largely, by the therapeutic results obtained in 
schizophrenic patients with depressive features. 
However, apparent “recovery” or “improve- 
ment” was obtained, also, in patients with fully 

1. Katzenelbogen, S.; Brody, M. W.:; Hayman, M, 


and Margolin, E.: Metrazol Convulsions in Man, Am. 
J. Psychiat. 95:1343, 1939. 
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developed schizophrenia, chiefly in the acute 
phase of their illness. Relapses among schizo- 
phrenic patients with depression were much more 
frequent than among essentially depressed pa- 
tients. It is noteworthy that in some patients 
with a condition diagnosed as manic-depressive 
depression the treatment was followed by lifting 
of the depressive features and, as it were, by 
bringing to the fore of the schizophrenic reac- 
tions. It appears as though the latent schizo- 
phrenic condition was covered by the depression. 

Of the patients who were difficult to manage, 
those with suicidal or homicidal tendencies and 
those dependent on tube feeding, the treatment 
was helpful to some, not only in ameliorating 
their behavior, but in leading to “recovery” and 
“improvement.” Thus, of 28 of such patients, 
12 “recovered” and 7 showed “improvement.” ? 
Some catatonic patients came out of their mutism 
and behaved as though recovered after only three 
treatments. 

It is interesting to note that in general our 
patients showed improvement more frequently 
than not after only three or four treatments. 


BIOCHEMICAL AND MORPHOLOGIC STUDIES 


Specimens of urine and of blood from the arm 
vein were obtained before and after treatment 
from the patients, who were given no breakfast. 

Urine—The acid reaction of the urine re- 
mained unchanged after treatment in 38 of 45 
instances. In 1 instance the reaction turned 
from neutral to acid after treatment; in 3 in- 
stances, from alkaline to acid, and in 3 instances, 
from acid to alkaline. In 46 instances the specific 
gravity showed significant changes after treat- 
ment. In 45 instances the reaction for sugar 
was negative within one hour and forty-five 
minutes after treatment. There was a trace of 
sugar before and none within one hour after 
treatment in 2 instances. In 43 instances the 
reaction for albumin was negative within one 
hour after treatment; there was a trace after 
treatment in 4 instances and a. 2 plus reaction 
after treatment in 6 instances. Microscopic ex- 
amination revealed nothing abnormal. 

Blood.—The methods of analyses used in this 
study have been described in the articles cited. 


2. Baur, A. E., and Perrin, J.: Clinical Observations 
a Electroshock Therapy, Dis. Nerv. System. 5:180, 

3. Hawk, P. B., and Bergeim, O.: Practical Physi- 
ological Chemistry, ed. 11, Philadelphia, P. Blakiston’s 
Son & Co., 1937. Myers, V. C.: Folin-Wu Method, 
in Practical Chemical Analysis of Blood, St. Louis, C. 
V. Mosby Company, 1924. Pijoan, M., and Walter, C. 
V.: A Micromethod for the Determination of Blood 
Cholesterol, J. Lab. & Clin. Med. 22:968, 1937. Bessey, 
O. A.: Vitamin C: Methods of Assay and Dietary 
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Changes in the constituents of the blood follow- 
ing convulsions are summarized in tables 2 and 3. 

Both the cellular and the chemical constitu- 
ents of the blood (amino acids, cholesterol, vita- 
min C, reducing substances, oxygen, total phos- 
phorus, organic phosphorus, acid-soluble phos- 
phorus, inorganic phosphorus, chlorides, sodium, 
potassium, calcium and magnesium), as well as 


TABLE 2.—Sedimentation Rate and Morphologic Constit- 
uents of the Blood Which Showed Changes After 
Electrically Induced Convulsions * 


Treatments 
Total No 
No. Increase Decrease Ohange 
re 41 27 (90,000 to 13 (70,000 to 1 
1,770,000) 850, 
White cells............. 41 25 (100 to 16 (30 to 
5,500) 2,550) 
Segmented neutrophils 31 14 (6 to 24%) 15 (4 to 24%) 2 
Lymphocytes.......... 29 14 (5 to 24%) «18 (6 to 20%) 2 
Monocytes............. 26 15 (2 to 4%) 6 (1 to 4%) 5 
Eosinophils............ 31 38 (1%) 5 (1%) 23 
Sedimentation rate.... 33 20 (4 to 8 12 (1 to 12 1 
mm.) mm.) 


* These changes appeared within one hour after convulsion. 


the icteric index, showed changes after treat- 
ment; increases often being more frequent than 
decreases, except for the amino acids, which 
showed a decrease more than twice as frequently 
as an increase, and carbon dioxide, which was 
decreased after nearly all treatments. 


COMMENT 


Changes in many treatments were not great 
enough to be important in themselves; yet they 
gave significance to the more conspicuous altera- 
tions in that they emphasized a definite trend. 
Of the chemical constituents of the blood which 
undergo changes in the already old-fashioned 
insulin and metrazol therapies, the reducing sub- 
stances, oxygen and carbon dioxide have been 
singled out as the most significant. The thera- 
peutic effects of both these treatments have been 
attributed to anoxemia, induced by hypoglycemia 
in insulin therapy and, presumably, by lack of 
oxygen in metrazol therapy. In convulsive 


Sources, J. A. M. A. 111:1290 (Oct. 1) 1938. Peters, 
J. P., and Van Slyke, D. D.: Quantitative Clinical 
Chemistry : II. Methods, Baltimore, Williams & Wilkins 
Company, 1932. Fiske, C. H., and Subbarow, Y.: 
Colorimetric Determination of Phosphorus, J. Biol. 
Chem. 66:375, 1925. Snyder, R., and Katzenelbogen, 
S.: The Distribution of Sodium, Potassium, Calcium, 
Magnesium, Inorganic Phosphorus, and Chlorides Be- 
tween the Blood Serum and Cells of Normal Indi- 
viduals, ibid. 143:223, 1942. 

4. Himwich, H. E., and Fazekas, T. F.: The Effect 
of Hypoglycemia on the Metabolism of the Brain, 
Endocrinology 21:800, 1937. Himwich, H. E.; Bow- 
man, K. M.; Wortis, J., and Fazekas, J. F.: Metabolism 
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therapy, it should be borne in mind that the 
deficiency of oxygen in the blood is limited to a 
short period of apnea during the tonic phase of 
the convulsions, and that in other phases there 
is hyperpnea, with corresponding increase of 
oxygen and decrease of carbon dioxide. But 
after the convulsion (especially within twenty 
minutes) in both metrazol and electric shock 
therapy, there is almost consistently an increase 
in the oxygen and reducing substances and a 
decrease in the carbon dioxide in the blood. 
Thus, if the therapeutic results in convulsive 
therapy are to be ascribed specifically to changes 


laboratory evidences of disturbance in the func. 
tion of the vegetative organs and the metabolic 
changes. Thus, both clinical and laboratory ob. 
servations are indicative of profound disturbances 
in the physiologic function of the person, in the 
vital organs and in the metabolism, which distur. 
bances show a definite trend toward hyper- 
activity. Similar reactions of the person, of the 
organs and of the general metabolism are prom- 
inent in nonspecific protein therapy. 
far fetched to postulate that the mode of action, 
namely, activation of the function of organs, 
attributed with good reason, I believe, to the 


TaBLeE 3.—Chemical Constituents of the Blood Which Showed Changes After Electrically 
Induced Convulsions * 


Treatments 
Total No 
No. Increase Decrease Chan 
50 16 (0.48 to 1.52 mg./100 ec.) 34 (0.49 to 3.19 mg./100 cc.) 
19 9 (1.7 to 3.3 units) 10 
83 60 (8.2 to 91.2 mg./100 ce.) 23 (5.0 to 60.6 mg./100 cc.) 
74 57 (0.15 to 0.68 mg./100 cc.) 15 (0.1 to 0.23 mg./100 ec.) 2 
Reducing substances...................0..0-005 67 60 (11.0 to 72.3 mg./100 ec.) 2 (12.1 to 23.4 mg./100 ec.) 5 
68 50 (4.13 to 12.28 yol. %) 16 (3.54 to 12.64 vol. %) 2 
I ne ge 67 3 (2.13 to 6.22 vol. %) 64 (5.29 to 33.68 vol. %) 
ee Serum 19 15 (1.0 to 5.8 mg./100 ec.) 1 (0.3 to 12.1 mg./100 ec.) 3 
Cells 21 12 (0.8 to 6.8 mg./100 cc.) 8(0.7to 4.9 mg./100 cc.) 1 
Organic phosphorus................. Serum 18 12 (0.4to 5.0 mg./100 ce.) 6 (0.2to 9.0 mg./100 cc.) 
Cells 19 5 (0.4 to 11.6 mg./100 ec.) 14 (0.3 to 12.5 mg./100 cc.) 
Acid-soluble phosphorus............. | Serum 20 16 (0.1 to 4.4 mg./100 cc.) 3 (0.1 to 2.8 mg./100 ec.) 1 
Cells 2 10 (0.6 to 3.0 mg./100 cc.) 13 (1.3 to 5.5 mg./100 ec.) 1 
Inorganic phosphorus............... Serum 52 45 (0.5 to 2.9 mg./100 ec.) 6 (0.1 to 1.3 mg./100 cc.) 1 
Cells 54 48 (1.2 to 8.3 mg./100 cc.) 6 (0.2 to 1.1 mg./100 cc.) pe 
Serum 35 21 (5.7 to 19.9 mg./100 ec.) 12 (1.4 to 10.7 mg./100 cc.) 2 
Cells 36 34 (8.5 to 49.0 mg./100 ec.) oe 2 
I cathe clots sitkstddecbees Serum 92 67 (5.5 to 20.6 mg./100 ec.) 25 (3.2 to 27.6 mg./100 ce.) 
Cells 27 27 (4.2 to 25.6 mg./100 ec.) 7 
Serum 87 56 (5.7 to 22.8 mg./100 cc.) 30 (1.1 to 12.19 mg./100 ec.) 1 
Serum 28 -20 (0.2 to 1.2 mg./100 cc.) 8 (0.1 to 0.5 mg./100 cc.) 
Serum 41 27 (0.2 to 1.7 mg./100 ee.) 


13 (0.1 to 1.1 mg./100 ec.) 1 


* These changes were determined within eighty-six minutes after the convulsion. 


in the oxidative processes, it would seem appro- 
priate to speak of hyperoxemia rather than of 
anoxemia. 


In trying to understand the mode of action of 
shock therapies on the physiologic level, one 
should be cognizant of the fact that change in 
oxidative processes is not the only effect. Other 
metabolic alterations take place at the same 
time, as shown by previous morphologic and 
chemical studies * and by the present investiga- 
tion. Prominent in the shock therapies consid- 
ered in this study are the clinical reactions, the 


of the Brain During Insulin and Metrazol Treatment 
of Schizophrenia, J. A. M. A. 112:1572 (April 22) 
1939, 


nonspecific protein therapies is equally appli- 
cable to the nonspecific shock therapies. But it 
should be added that the physiologic aspect is 
not alone to be considered. Multiple psycho- 
therapeutic factors enter into the drama of any 
of the shock therapies, and contribute their share 
to the outcome. 


5904 Connecticut Avenue, Chevy Chase, Md. 
St. Elizabeths Hospital, Washington, D. C. 
St. Elizabeths Hospital, Washington, D. C. 


5. Katzenelbogen, S.: A Critical Appraisal of the 
“Shock Therapies” in the Major Psychoses and Psycho- 
neuroses, Psychiatry 2:493, 1939; $:211 and 409, 1940; 
La proteinotherapie, Rev. méd. de la Suisse Rom. 42: 
5100, 1922. 
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Case Reports 


FAMILIAL INCIDENCE OF TUMORS OF THE BRAIN 
Cerebellar Hemangioblastoma 


CAPTAIN Maurice O. GROSSMAN 
MepicaL Corps, ARMY 


Many papers have been written concerning 
heredity as a factor in the development of tumors 
in the human body. Blank, in 1941, reviewed 
the role of genetics in cancer research. Recently, 
we had occasion to treat the fourth member of 
a family to have a tumor of the brain. The occur- 
rence of tumor of the brain in 4 members of one 
family strongly suggests a familial tendency in 
certain types of cerebral neoplasms. The pre- 
dominating type of tumor identified in our cases 
was hemangioblastoma of the cerebellum. Cush- 
ing and Bailey,? in 1928, described at length 
many cases of this tumor. These growths were 
classified as simple cyst or gliomatous cyst until 
portions were removed for microscopic examina- 
tion and a diagnosis of hemangioblastoma was 
made. The neoplasm occurs almost exclusively 
in the cerebellum, is usually cystic and has a 
familial tendency (Sargent and Greenfielfl*). 
Characteristically, but not always, the tumor is 
associated with angiomatosis of the retina, or 
von Hippel’s disease.* Lindau,® in 1926, dis- 
covered that this lesion was frequently associated 
with angioma of the retina and cystic anomalies 
in other organs of the body. Gross examination 
may not reveal its presence, but necropsy may 
show small angiomatous nodules in the spinal 
cord, kidneys and adrenals, as well as hyper- 
nephroma and cysts or angiomas of the liver. 


REPORT OF CASES 


We present the cases of 4 members of one family 
with tumors of the brain. In 2 members—the father, 
aged 45, and a son, aged 23—tumors removed surgically 
were identified as true cerebellar hemangioblastomas. 
In the other 2 members, unfortunately, the type of the 
tumor was not verified. A daughter, aged 24, was 


From the Neurological Service, Veterans Adminis- 
tration Facility, Hines, Ill. 

1. Blank, F.: The Role of Genetics in Cancer Re- 
search, Ohio State M. J. 37:947, 1941. 

2. Cushing, H., and Bailey, P.: Tumors Arising 
from the Blood Vessels of the Brain: Angiomatous 
Malformations and Hemangioblastomas, Springfield, Iil., 
Charles C Thomas, Publisher, 1928. 

3. Sargent, P., and Greenfield, J. G.: Haemangio- 


matous Cysts of the Cerebellum, Brit. J. Surg. 17:84, 
1929, 


4. von Hippel, E.: Vorstellung eines Patienten mit 
einem sehr ungewdhnlichen Netzhaut, Ber. u. d. Ver- 
samml. d. ophth. Gesellsch. 24:269, 1895. 

5. Lindau, A.: Studien iiber Kleinhirnsystem: Bau, 
Pathogenese und Beizehungen zur Angiometons retinae, 
Acta path. et microbiol. Scandinav., 1926, supp. 1, p. 1. 
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thought to have died of a tumor of the brain, but 
operation was not completed. 


The youngest son, aged 19, was the only member of 
the family who received treatment at this hospital. 
On the basis of the history previously obtained, that 
of the occurrence of cerebellar hemangioblastoma in 2 
other members of the family, and of the neurologic 
signs, a diagnosis of cerebellar tumor, probably a 
hemangioblastoma, was made. Because of the poor 
condition of the patient and the tenseness of the dura 
in the posterior fossa, no attempt was made to remove 
the tumor. The patient died six hours after operation; 
permission for autopsy was not granted. Though the 
presence of a tumor was not verified. the neurologic 
signs and the presence of bilateral papilledema, with 
increased intracranial pressure, made likely the diag- 
nosis of a cerebellar tumor. Careful examination of 
the retina revealed no angiomatous growth. The case 
records of the other 3 affected members of the family 
did not reveal the presence of angiomatous growths in 
any portion of the body. Since necropsy was not per- 
formed on any of the 3 patients who died, the presence 
of small angiomatous growths elsewhere in the body 
could not definitely be ruled out. Although we have 
no definite proof that members of this family all had 
Lindau’s disease (combined hemangioma of the cere- 
bellum and the retina), many features of the family 
history and of the neurologic findings speak for this 
condition. 

Adequate’ information was obtained concerning the 
histories of the 3 members of the family who were 
treated elsewhere. These cases, and the case of the 
fourth member, are reported briefly. 


Case 1.—The father, aged 45, was first examined in 
August 1937, when a diagnosis of tumor of the cere- 
bellum was made. On August 26 the presence of a 
tumor of the brain was verified at operation. A large 
cerebellar cyst and an associated tumor nodule, 1.5 cm. 
in diameter, were removed. Microscopic studies proved 
that the growth was a hemangioblastoma. The patient 
rallied for two days after operation; then sudden cir- 
culatory collapse developed, and he died within ten 
minutes. It was the opinion of the physician that 
death was due to coronary occlusion. There was no 
evidence of involvement of the retina. Autopsy was not 
performed. 


Case 2.—A daughter, aged 24, had died of a lesion 
which was probably a cerebellar tumor. Operation 
was not performed because the patient died suddenly. 
Autopsy was not performed. 


CasE 3.—A son, aged 23, was examined at the 
University of Oklahoma Hospital in September 1943. 
Neurologic examination indicated a cerebellar tumor, 
and there was evidence of increased intracranial pres- 
sure. A tumor similar to that of the father was 
successfully removed. Microscopic studies revealed a 
hemangioblastoma. Convalescence was stormy, but the 
patient eventually recovered and is now without symp- 
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expression and control and in the sense of physical 
well-being constitutes a diagnostic triad which occurs 
more frequently than any single neurologic sign. They 
believe that the affective disturbances in mood and 
behavior fit in with the patient’s previous personality 


makeup. Cnoporr, Langley Bield, Va. 
WorK AND THE PLEASURE PRINCIPLE. Ives HENDRICK, 
Psychoanalyt. Quart. 12:311, 1943. 


Hendrick formulates the theory that work pleasure is 
not primarily displaced or sublimated sensual pleasure, 
but that it is the pleasure afforded by effective inte- 
gration of the neuromuscular and intellectual functions. 
He calls the need of human beings for such pleasure 
the work principle, and he regards this principle as an 
expression of the instinct to master, the goal of which 
is control or alteration of environmental situations 
through the effective development of integrated intel- 
lectual and motor functions. The first objective evi- 
dence of the work principle is to be observed in the 
development of each partial function in infancy, when 
the stereotyped repetition of the function is replaced 
by the ability to modify the function effectively and to 
adapt it to tasks which satisfy the need to master. The 
work principle should therefore be regarded as evidence 
of maturity of ego function, and the repetition compul- 
sion, as evidence that the ego is functioning inadequately 
for the skilful performance of a certain task. 


Pearson, Philadelphia. 


CoNVULSIVE 
Psychoanalyt. 


CONCERNING THE PSYCHOGENESIS OF 
Disorpers. H. BARTEMEIER, 
Quart. 12:330, 1943. 


Bartemeier believes that convulsions constitute a 
means of discharging destructive energy autoplastically. 
While all human beings have this innate preformed 
possibility of discharge, the predisposition of those who 
finally manifest a convulsive tendency consists in their 
predilection for the convulsive way of discharge. If 
the energy quantum is high enough and other ways 
are blocked, even the nonpredisposed person will turn 
to convulsions in order to relieve the mental apparatus 
of tension, and to a minor degree every person will 
show convulsive manifestations in one way or another. 


Pearson, Philadelphia. 


Fear oF DEATH. GREGORY ZILBOORG, Psychoanalyt. 
Quart. 12:465, 1943. 


Morale has to do with the avoidance of turning 
aggression against one’s self and with the proper direc- 
tion of aggression outward. The fundamental psycho- 
logic issue involved in the problem of morale is that 
of how one reacts to the fear of death, which is present 
constantly in mental functioning. It must be kept 
repressed, and in order to increase the repression one 
spends much time and energy in denying the possibility 
of death and in trying to master it. 
news of violent deaths overlays an unconscious ego- 
centricity. “It is not I who was killed.” 

When war comes to a civilized community, the fear 
of death, so well taken care of in peacetime, undergoes 
a crucial change. The civilian may still utilize the 
mechanism which makes him feel he is an exception 
and therefore cannot be killed. Not until members of 
his family and friends fall in battle does he come to 
grips with the fear of death by way of identification 
with those who were killed. Therefore compassion, 
an expression of the unconscious sense of guilt about 
those who have fallen, and scorn, a momentary sense 
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One’s interest in. 


of anger and hatred for the enemy who kills, become 
prominent components of the complex set of psychologic ; 
factors that group themselves around the repressed fear 
of death. Compassion and scorn become the core of 
morale, and the actual fear of death is mastered through — 
hatred of the enemy. In the civilian who is exposed — 
to bombing the fear of death is activated, but is coun. © 
tered by an increase in religious feeling and the mobilj- 
zation of hatred. In this way the fear of death js 
transformed into a sadomasochistic combination, which 
on the socialized level is represented by awareness of 
grim hatred and of readiness to make great sacrifices 
to win the war. The accentuation of murderous drives 
is helpful in war, but if it occurred in times of peace 
it would lead to depressive states and to an increase 
in the rate of suicide. The rate of suicide is always 
higher in peacetime. 

On the battlefield green troops become seasoned sol- 
diers as they become angry, that is, as they convert 
their fear of death and hatred into hatred and aggres- 
sion. In that fear of death which would be called 
neurotic, i. e., in the war neuroses, the victim hates, 
but he has a paralysis of motor aggression. He js 
unable to fight because he identifies himself with the 
dead as a result of a severe sense of guilt which ante- 
dates his military service. Those who are the most 
conspicuous misfits on the battlefront are the most 
ethically sensitive people, although they are socially 
the most useless. 

Civilian morale might be improved if the general 
population were better informed about the losses and 
could see more of the wounded. 


Pearson, Philadelphia. 


Bopy as PuHattus: A Note, 
Henry ALpEN Psychoanalyt. Quart. 12; 
476, 1943. 


The English word “body” is of unknown origin. 
Middle Gaelic, however, has the word bod, meaning 
penis. This corresponds to the psychoanalytic obser- 
vation that body and penis are interchangeable in the 
unconscious. Bunker cites the fantasy of a 6 year old 
boy, which illustrates clearly that for this boy the word 
“body” meant penis. Pearson, Philadelphia. 


THE PsycCHOANALYTIC CONCEPT OF MEMORY AND Its 
RELATION TO RECENT MEMORY THEORIES. ERNST 
Lewy and Davip Rapaport, Psychoanalyt. Quart. 
13:16, 1944. 


The psychoanalytic theory of memory is based on 
the view that memory traces are used by psychic 
forces, which find expression through them. The modes 
in which strivings make use of memory material vary 
significantly among such phenomena as everyday re- 
membering, dreams and remembering of childhood 
experiences. The theories of memory deduced from 
experimental work by Lewin, Koffka and Bartlett show 
a striking parallel with the psychoanalytic theory. 


Pearson, Philadelphia. 


HYPoGLYCEMIA AND TENSION-Depression. T. A. C. 
RENNIE and J. E. Howarp, Psychosom. Med. 4: 
273 (July) 1942. 


Rennie and Howard report on a series of 7 patients 
who had symptoms of a psychiatric disorder character- 
ized chiefly by tension and colored by manifestations 
of depression. In addition, all the patients exhibited, 
as a conspicuous feature, a craving for food, which 
when satisfied resulted in temporary alleviation of the 
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ABSTRACTS FROM CURRENT LITERATURE 


emotional disturbances. Six of the patients were 
women, and 1 was a man. The hypoglycemic symptoms 
were in keeping with the flat dextrose tolerance curves 
obtained for all the patients. The hypoglycemia appeared 
to be secondary to the psychiatric disorder, since the 
former disappeared after the treatment of the latter. 
The authors emphasize that, since there are wide vari- 
ations in the level of the blood sugar outside the 
accepted normal range, the dextrose tolerance test 
should be properly interpreted in terms of the individual 
personality. They conclude that when the specific com- 
plaints suggestive of hypoglycemia are presented, it is 
important to study the total personality and, in a certain 


group of patients, to treat the personality disturbances 


primarily. SCHLEZINGER, Philadelphia. 


PuystoLocic AND PsycHoLocic StuprEs In SPONTANE- 
ous Hypoctycem1A. J. RoMANOo and G. P. Coon, 
Psychosom. Med. 4:283 (July) 1942. 


Romano and Coon describe the case of a married 
man aged 44 in which the original diagnosis of hysteri- 
cal fugue was later proved incorrect and was replaced 
by a pathologically verified diagnosis of hypoglycemia 
due to a benign islet cell adenoma of the pancreas. 
The patient was an emotional, rigid, sensitive and de- 
pendent person who evidenced considerable repressed 
aggression. His illness was also characterized by re- 
current episodes of confusion, uninhibited emotional 
behavior and disconnected movements. After the sur- 
gical removal of the adenoma the episodes were elim- 
inated, but the essential nature of his personality 
remained unchanged. 


The authors believe that the principal source of error 
in the diagnosis of a neurotic personality lies in the 
methods directed toward exclusion of positive data re- 
lated to physical disease or psychosis. The need for 
the establishment of positive criteria of neurotic per- 
sonality structure is emphasized. 


In considering the relation between increased cerebral 
metabolism as a result of hypoglycemia and the re- 
sultant disturbances in intellectual, emotional and motor 
behavior, the authors suggest that inhibition and re- 
pression may be the physiologic and psychologic ex- 
pressions of a basic phenomenon. The release of 
concrete intellectual activity, of less inhibited emotional 
expression and of less integrated neurologic behavior 
may result in all delirious patients as it did in this 
hypoglycemic patient. As in all deliriums, the primary 
psychologic disturbance is situated at the level of 
awareness. This disturbance of consciousness is more 
or less impersonal. On the other hand, the emotional 
behavior, which is dependent on the degree of dis- 
turbance of consciousness, is more individualized and 
specific in reflecting the personality structure of the 


delirious patient. ScHLEzINGER, Philadelphia. 


A PERSONALITY Stupy oF ALCOHOL ADDICTION. CHARLES 


C. Hewitt, Quart. J. Stud. on Alcohol 4:368 (Dec.) 
1943, 


Hewitt employed the Minnesota multiphasic person- 
ality schedule and the Pressey senior classification test 
in an effort to determine the personality of persons 
addicted to alcohol. He claims that the schedule em- 
ployed appears to be superior to any other inventory. 

The case material consisted of 37 members of Alco- 
holics Anonymous, Inc., 15 other persons with alco- 
holism and 12 subjects who enjoyed the effects of 
alcohol but rarely drank in excess. The author concludes 
that addiction to alcohol seems to accompany, with few 
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exceptions, deep personality disorders. Nearly all of 
the alcohol addicts, according to this study, exhibited 
a “marked psychopatic deviation which was often asso- 
ciated with neurotic, paranoid or schizoid trends.” 


GutrMan, New York. 


PuysICcAL TREATMENT OF ACUTE PSYCHIATRIC STATES 
War. SarGANnt, War Med. 4:577 
(Dec.) 1943. 


Sargant points out that persons with reasonably good 
previous personalities do not generally break down or 
give up the fight against neurotic symptoms if their 
physical health is good. In treatment of acute condi- 
tions he emphasizes the need for sedation, preferably 
administration of the barbiturates intravenously or of 
paraldehyde by mouth. Forced feeding of enormous 
quantities of food and liquids is necessary with pa- 
tients who have lost weight. This may be supple- 
mented by small doses of insulin or by the Weir 
Mitchell technic. Sargant ends with the statement 
“Breakdown, even in the presence of great physical 
exhaustion and deterioration, is less common in an 
advancing triumphant army.” 

Pearson, Philadelphia. 


MANUAL OF EMERGENCY TREATMENT FOR ACUTE WaR 
Nevuroses. Lawrence S. Kusiet, War Med. 4: 
582 (Dec.) 1943. 


Most war neuroses begin as acute disorders. These 
disturbances frequently develop gradually; i. e., the 
collapse occurs only after cumulative stress. Para- 
mount in this stress are the effects of fatigue and 
hunger, of incessant and increasing danger and of a 
series of repeated, rapidly successive, narrow éscapes. 
It takes time to recover from the effects of sudden 
danger; but when one threat is followed at once by 
another, there is no interval in which the emotional 
reverberations can die out, and the person spends his. 
days and nights living as though he were engaged in 
an incessant struggle to escape from or master the 
original danger. Each successive escape contributes to 
the secretly mounting tension. At some point the ten- 
sion becomes manifest, usually the first sign being a 
specific disturbance of sleep and terror dreams. Once 
sleep is disturbed, fatigue increases rapidly, giving rise 
to moments in the waking hours in which the patient 
lapses into momentary half-dissociated states. At such 
moments sudden movements, noises or lights cause a 
startled panic. As the fatigue and moments of terror 
spread through the day, the patient becomes unstable 
and depressed and feels alienated from his comrades. 
There are also many subtle changes in his daily 
behavior. 


As any man may break under sufficient stress, pre- 
Vention depends on the recognition of incipient stages. 
and on steps which can be taken to stave them off. 
There are several important preventive measures: 
1. Officers and men should be taught to recognize early 
any disturbances of sleep. 2. As soon as sleep distur- 
bances are noted, sedation, with a combination of two. 
sedatives, should be given; one of the sedatives should 
act rapidly, and the other should act slowly and have 
a sustained action. 3. A low light should be kept 
burning in the sleeping quarters throughout the night. 
4. The soldier should be awakened swiftly and be given 
a cold drink or black coffee, followed by amphetamine 
sulfate, as soon as he is awake. 5. Rest periods during 
the day should not be silent, but the soldier should be 
kept amused and interested. 
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After the neurosis is established, the emergency treat- 
ment is as follows: (1) Controlled sleep, physical 
restoration and friendly group companionship; (2) 
superficial catharsis through companionship in isola- 
tion, “gentling” and opportunity for cathartic release; 
(3) prolonged sleep under continuous narcosis; (4) 
group methods of psychotherapy; (5) deconditioning 
procedures; (6), hyponarcoanalysis and the induced 
hypnagogic reverie, and (7) in cases in which the pa- 
tient is inaccessible to any contact, even under nar- 
cosis, one or two electric shock treatments or sustained 
periods of hypoglycemia, without coma or convulsions. 


Pearson, Philadelphia. 
PsycHoses IN OFFICERS IN WorLD War II. AppIson 
M. Duvat, War Med. 5:1 (Jan.) 1944. 


Duval reports on the study of 100 officers admitted 
consecutively to St. Elizabeths Hospital and compares 
this group with a somewhat similar group of officer 
patients in World War I. 

Twenty-seven patients gave a history of previous 
mental illness, and 10 had previously been treated in 
hospitals for mental disease. At least 20 of the 27 
patients would have been rejected on induction if they 
had been given an adequate psychiatric examination. 
The ages of the entire group varied from 20 to 49 
years. Eleven men had service of less than one month, 
and 45, of less than one year. In many instances 
situational factors were important in producing the 
psychotic attack. Thirty-four patients had manic- 
depressive psychoses, and 30, schizophrenia. With 10 
patients electric shock gave good results. Seventy-four 
patients have been discharged from the hospital, 49 as 
recovered or socially recovered, 20 as showing improve- 
ment, 2 as showing no improvement and 3 as free from 


psychosis. Pearson, Philadelphia. 


HystericAL Visuat Derects. Paut T. McALpIne, 
War Med. §:129 (March) 1944. 


McAlpine reports briefly 9 cases of amblyopia of 
hysterical origin and 1 case of amblyopia regarded as 
a symptom of dementia precox. Hysterical amblyopia 
is of infrequent occurrence and must be differentiated 
from retrobulbar neuritis, toxic neuritis and amblyopia 
due to disease of the central nervous system. 


Pearson, Philadelphia. 
RETROGRADE AMNESIA. W. MaAyer-Gross, Lancet 2: 
603 (Nov. 13) 1943. 


Mayer-Gross tested retrograde amnesia in 102 trials 
on 46 patients. The subjects were all psychotic, without 
impairment of memory; the author excluded patients 
whose full cooperation was doubtful. Tests were made 
‘for memory of a series of four picture cards the minute 
prior to the administration of electric shock therapy. 
After twenty-four hours or less the patient was tested 
for memory recall and for recognition. Only 2 patients 
recalled all cards, and of all 102 tests only 29 resulted 
in complete recognition. The author stated that this 
result indicates that retrograde amnesia is not a uni- 
‘versal symptom after epileptiform convulsions. There 
was a direct relation between the time the pictures were 
shown and recall and recognition; the pictures shown 
first were better remembered than those shown next, 
and the pictures shown last were least often recalled 
or recognized. Thus the defect was true retrograde 
amnesia. The results of testing three to eight hours 
after the shock were compared with those of tests made 
twenty-four hours later. The first picture shown was 


consistently better remembered a few hours after the 
seizure than a full day later. The author concluded 
that this observation indicated that “it is not a matter 
of. indifference at which time the patient is tested for 
retrograde amnesia.” In only one tenth of the experi. 
ments did the retrograde amnesia last longer than one 
minute. | 

Mayer-Gross discusses the theories explaining this 
phenomenon. The most popular current theory among 
neurologists and psychiatrists is that the traces, of 
engrams, of what has gone before the accident are 
destroyed. The author believes that the difference be. 
tween recall and recognition in his tests is too great 
to support this theory by which he means that one, 
could not recognize so well what one could not recalj 
if the subject matter had been actually destroyed of 
blotted out. Rather, he prefers. the theory that the 
consolidation of recent memories is interrupted; there 
is a retroactive inhibition similar to that known to 
normal psychology. 

He cannot explain the individual differences in retro- 
grade amnesia found among his subjects. In patients 
with head injuries the variations might be explained 
by differences in local cerebral damage, but the duration 
of electric shock and its clinical symptoms vary s0 
little from subject to subject “that one is forced to 
surmise the presence of an unknown personal factor.” 
Nor can he explain the clinical fact that patients in 
post-traumatic drowsiness will describe an accident in 
detail which they cannot remember when completely 
conscious later. This phenomenon seems to parallel the 
fuller recollection of the first picture in the early test 


of his series. McCarter, Philadelphia. 


Diseases of the Brain 


INCIDENCE OF THE CHANGES IN THE RETINAL VEINS 
IN MULTIPLE ScLerRosis. J. V. Truescu and C. W. 
Rucker, Proc. Staff Meet., Mayo Clin. 19:253 
(May 17) 1944. 


Rucker describes perivenous sheating in the retinal 
veins in cases of multiple sclerosis and asserted that 
in most of the cases in which this sign was present 
a definite or a presumptive diagnosis of multiple scle- 
rosis had been made. 

Truesch and Rucker report on the examinations of 
the fundus in 52 patients with multiple sclerosis, in 
all of whom careful search was made for perivenous 
sheathing. All the examinations were made through 
dilated pupils; all observations were confirmed, and all 
borderline cases were discarded. Of the 52 patients 
studied, 10 (19 per cent) showed the changes described 
as perivenous sheathing. The ages of the 10 patients 
varied from 18 to 51, 5 being women and 5 men 
The average timé of appearance of the sheathing after 
the first symptom of multiple sclerosis was four and 
one-third years. The condition is not related to the 
occurrence of pallor of the optic disks nor to a history 
of previous blurring of vision. 

Avpers, Philadelphia. 


Leper’s DisEASE: Report oF Four Cases IN ONE 
Famity. C. S. ALEXANDER, Texas State J. Med 
39:301 (Sept.) 1943. 


Leber’s disease is defined as hereditary bilateral pri- 
mary optic nerve atrophy. It is transmitted almost 
entirely by the female, who is usually unaffected, al- 
though it may rarely be transmitted by the male directly 
ov indirectly through the daughters. It may be seem 
in successive generations, but it usually skips one oF 
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more generations. The disease frequently affects more 
than one person in a family and involves males more 
frequently than females. The literature records 1 case 
in which microscopic examination of the optic nerve 
was made post mortem, by Rehsteiner in 1932. This 
author observed atrophy of the ganglion cells and the 
nerve fiber layer of the retina and atrophy of the optic 
nerve, limited to the papillomacular bundle, other parts 
of the nerve being normal. The medullary sheaths were 
almost all destroyed. There were an increase in the 
glia and atrophy of the finer connective tissue partitions 
of the nerve. Alexander observed 4 cases of Leber’s 
disease in a family of 5 children. The cases were 
equally distributed between the sexes. In the 2 girls 
the onset of the disease was at 5 years of age, whereas 
usually the first symptoms occur between puberty and 
the age of 30 years. In these patients the condition 
did not improve. One patient presented an associated 
nystagmus; this is unusual in the presence of greatly 
reduced vision. No other record of its concurrence with 
Leber’s disease could be found. The chief symptom is 
great diminution in vision with central scotoma. Com- 
plete blindness does not occur. The prognosis is poor, 
but improvement sometimes occurs. Treatment is of no 
benefit. 


J. A. M. A. 
ATMOSPHERIC AND IMMERSION BLAst INJURIES. 


FraANK V. THEIS, War Med. 4:262 (Sept.) 1943. 


Atmospheric and immersion high explosive blasts 
produce injuries to the interna! structures of the ex- 
posed body with absence of external evidence of trauma. 
There may be symptoms referable to all parts of the 
body. With respect to the nervous system, headaches 
are common, and sensitivity to noise and tinnitus are 
fairly frequent. Changes in the personality are impor- 
tant and become most prominent several days after 
injury. 

Relatively few cases of blast injury have been studied 
adequately at autopsy. The air-containing viscera seem 
primarily to be injured by blast. Injuries to the kid- 
neys, spleen and liver have not been observed at autopsy, 
but animal experiments have demonstrated that all 
organs may be affected. 

There is no essential difference between the injuries 
resulting from atmospheric blasts and those due to 
immersion blasts. The detonation of high explosives 
produces an extremely intense longitudinal compression 
wave, which moves forward, although the particles of 
the medium through which it passes do not move, but 
oscillate backward and forward. The wave has two 
phases—a pressure and a suction component. It travels 
four times as far in water as in air. The damaging 
effect of the blast wave is due largely to the sudden 
pressure of the external surface of the body on the 
internal structures. 

In order to prevent the serious effects of blast on 
the body, the following protective measures may be 
taken : 

1. In the presence of an impending blast, one should 
exhale forcibly and contract the abdominal muscles. 

2. For atmospheric blasts, protection is afforded by 
shelters, heavy clothing and cotton or plastic appli- 
ances for the ears. It is important to lie face down 
in a trench or gutter. 

3. In the presence of immersion blasts, one should 
keep the head, and as much of the body as possible, 
out of the water, by swimming on the back, and should 
keep the mouth open. It is advisable to wear a heavy 
kapok life jacket and delay as long as possible enter- 
ing the water when immersion blasts are expected. 


The treatment for blast injuries is symptomatic, and 
its appropriateness depends on the extent, severity and 
distribution of the injuries. 

Pearson, Philadelphia. 


Nicut BLINDNESS OF WaARr. 
Med. 4:331 (Sept.) 1943. 


Malnutrition (lack of vitamin A) causes night blind- 
ness, xerosis and xerophthalmia. Therapeutic correc- 
tion is simple, swift and sure. Although in the 
literature poor dark adaptation, as measured by instru- 
ments, has been included under the term night blindness, 
it is not related to it, and treatment with huge doses 
of vitamin A does not correct it. 


Pearson, Philadelphia. 


Paut H. Wosrka, War 


APPLICATION OF ELECTROENCEPHALOGRAPHY IN THE 
Navy IN WARTIME. Rosert S. ScHwWas, War 
Med. 4:404 (Oct.) 1943. 


Ninety per cent of the naval personnel with clinical 
epilepsy have had abnormal electroencaphalograms. 
Electroencephalography has proved thoroughly useful 
in the diagnosis of, or in the elimination of a suspi- 
cion of, an epileptic tendency. The electroencephalo- 
graphic examination, however, is not a short cut, nor 
does it eliminate the need for a careful history and 


neurologic study. Pearson, Philadelphia. 


HysTeRICAL HoMONyMOUS HEMANOPSIA WITH HEMI- 
PLEGIA AND HEMIANESTHESIA. SLOAN G. STEWART, 
Grec C. RANDALL and F. Recis RrESENMAN, War 
Med. 4:606 (Dec.) 1943. 


The authors report the case of a man with homony- 
mous hemanopsia associated with hemiplegia. Several 
examinations of the visual fields showed a constant 
field defect, consisting of homonymous macula-sparing 
hemanopsia consistent with a diagnosis of an organic 
lesion of the brain affecting the right optic pathway 
or tract. The subjective sensory and motor complaints 
were compatible with such involvement. The clinical 
course, the objective neurologic observations and the 
efficacy of psychotherapy indicated the hysterical con- 
dition. A review of the literature indicates that per- 
haps this is the first case of homonymous hemanopsia 
of a true hysterical nature ever to be reported. 


Pearson, Philadelphia. 


ELECTROENCEPHALOGRAPHY IN THE ARMY GENERAL 
HospiTaL. DANIEL. SILVERMAN, War Med. 5:163 
(March) 1944. 


On the basis of the study of the clinical records and 
electroencephalographic tracings for 173 neuropsychi- 
atric patients, Silverman concludes that the electroen- 
cephalogram is of special value in the diagnosis and 
disposition of epilepsy, psychoneuroses resembling or- 
ganic disease of the brain, syndrome following head 
injury and focal lesions of the brain from any cause. 


Pearson, Philadelphia. 


Two Cases oF RvuBELLA MENINGO-ENCEPHALITIS. 
R. I. C. Braprorp, Brit. M. J. 1:312 (March 13) 
1943. 


The rarity of meningoencephalitis in association with 
rubella is evidenced by the fact that Taylor, in 1937, 
could find only 12 reported cases. Bradford reports 
a case of such an occurrence in a youth aged 19 years 
and another in a boy of 18 years. Both patients recov- 
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toms. There was no evidence of the presence of an- 
gioma of the retina on examination. 


Case 4—H. S. B., aged 19, a veteran of World 
War II, was admitted for treatment of a cerebellar 
tumor. He had been in good health until January 
1941, when he began to experience continuous occipital 
headaches, which were intensified by his rising from a 
horizontal position, by lifting weights, by bowel move- 
ments and by jarring of the body. Nausea and epi- 
sodes of nonprojectile vomiting of liquids and solids 
were manifested later. Visual disturbances, affecting 
the right eye more than the left, were common. At 
no time did the patient suffer from spells of uncon- 
sciousness or weakness of the extremities. He was 
admitted to the veterans hospital on May 5, 1944. 
Neurologic examination revealed the presence of bilat- 
eral papilledema, definite coarse nystagmus, with the 
quick component to the left, and ataxia involving his 
extremities. The deep reflexes of the upper and lower 
extremities were diminished. No pathologic reflexes 
were present. Examination of the spinal fluid and 
roentgenograms of the skull gave no evidence of any 
abnormality. The diagnosis was cerebellar tumor, 
probably hemangioblastoma because of the family his- 
tory. A bilateral suboccipital craniotomy was per- 
formed on June 13, with intratracheal anesthesia. The 
dura over the cerebellar hemispheres was noted to be 
under greatly increased intracranial pressure, and re- 
moval of the tumor was impossible. The patient died 
six hours after operation. Autopsy, for verification 


ARCHIVES OF NEUROLOGY 


AND PSYCHIATRY 


of the type of tumor and the presence of angiomatous 
cysts in the retina or other parts of the body, was not 
permitted. 


SUMMARY AND CONCLUSIONS 


Tumors of the brain occurred in 4 members 
of one family—the father, aged 45; a daughter, 
aged 24, and 2 sons, aged 23 and 19. In 2 
members of the family the lesion was a cerebellar 
hemangioblastoma ; in the other 2 members the 
type of the neoplasm was not determined, but a 
cerebellar tumor, which could not be removed, 
was. present in 1 of them. Examination of the 
retina did not reveal the presence of a coexisting 
angioma. Three of the 4 members of the family 
died of the cerebral tumor; the other member, 
a son aged 23, is living and well, after surgical 
intervention. Since no autopsy was performed, 
the presence of angiomatous cysts in other parts 
of the body could not definitely be ruled out. 
It is probable that the members of this family 
had Lindau’s disease. One sister in the family 
is well and has not been afflicted with this con- 
dition. She is fully aware of the occurrence 
of tumor of the brain in her family and has 
sought neurologic examination from time to time 
as a precautionary measure. 


3845 North Cambridge Avenue, Chicago. 


Clinical, Technical and Occasional Notes 


HANDY AND INEXPENSIVE TEMPERATURE TESTER 


Tuomas EpWwIN 

Examination of heat and cold sensibility is often 
neglected during a routine neurologic examination be- 
cause the tubes used for this test are bulky and un- 
handy. The tubes on the market for this purpose are 
also expensive. 


BAMFORD JR., 


M.D., New York 

container for hypodermic syringe and needle, will serve 
the purpose well. It is inexpensive (costing 50 cents) 
and handy, and can be chilled or heated to the desired 
temperature. It is 15.5 cm. long and 4.5 cm. in cir- 
cumference at the open end and tapers to a point. As 


Tube, with rubber cap. 


By accident, it was discovered that the tube illustrated 
here,! which has been placed on the market as a sterile 


1. Steritube, manufactured by Becton, Dickinson & 
Company, Rutherford, N. J. 


it is plated and smooth, it does not radiate. This tube 
can be carried in a small container, and the rubber cap 
affords a firm grip at any temperature. 


572 Park Avenue. 
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Abstracts from Current Literature 
Epitep By Dr. BERNARD J. ALPERS 


Psychiatry and Psychopathology 


Late Errects oF Leap PorsoNING ON MENTAL DeE- 
VELOPMENT. R. K. Byers and E. E. Lorp, Am. J. 
Dis. Child. 66:471 (Nov.) 1943. 


According to Byers and Lord, it has not been gen- 
erally recognized that lead poisoning occurring in early 
life usually has a disastrous effect on mental develop- 
ment. They present a follow-up study of 20 school 
children who had been hospitalized in infancy or early 
childhood because of lead poisoning. None of them 
exhibited striking evidence of encephalopathy during 
their primary admission, and all were adjudged to 
have made a complete recovery from lead poisoning 
when discharged from the original hospitalization. The 
authors emphasize the length of the cycle of ingestion, 
the storage and elimination of lead in relation to the 
relatively short duration of the symptoms and the signs 
allowing a diagnosis of lead poisoning. It is probable 
that lead poisoning of the sort discussed here can at 
present be recognized in only a small percentage of 
cases. Failure of the normal processes of growth and 
development of the cortex prevented all but 1 of the 
20 children from progressing satisfactorily at school. 
In addition to difficulties in the general intellectual and 
sensorimotor spheres, other evidence of interference with 
the normal development of the nervous system was 
present. Recurrent convulsions appeared in 3 of the 
children, at 4, 4%4 and 5% years of age respectively. 
One girl who had peripheral neuritis as a baby acquired 
a positive Babinski sign, and a boy who was discharged 
from the hospital as well at about 3 years of age had 
hyperactive reflexes and sustained clonus of the left 
ankle when reexamined at 9 years of age. Behavior 
difficulties were common throughout the series. Much 
of this behavior could be classified as “forced reaction 
to stimuli in the environment,” described by Strauss and 
Werner as an evidence of cortical damage. It was 
apparently the result of loss of the normal inhibitory 
function, thought to reside in the cortex. It was 
usually described as unreliable impulsive behavior, cruel 
impulsive behavior, short attention span and the like. 


J. A. M. A. 


ALTERATIONS IN COMMUNICABILITY, CONTENT OF 
THOUGHT, AND AFFECTIVE RESPONSE DuRING IrRI- 
TATIVE (CAMPHOR) THERAPY. EMERICK FRIEDMAN, 
J. Nerv. & Ment. Dis. 98:229 (Sept.) 1943. 


Friedman studied the alterations in the productivity 
of. 70 previously noncommunicative psychotic patients 
who were given camphor therapy. In the preparatory 
phase, the selection of a group of patients, their segre- 
gation from others and the excitement of the treatment 
fostered an esprit de corps among them which resulted 
in a banding together, but did not change the nature of 
their thought content. The injection of camphor in- 
duced irritative delirium with a feeling of impending 
annihilation. In practically every patient, even those 
with a previously acute psychosis, there was produced 
a verbal response communicating the necessity for 
haste and quick preventive action. At first symbolic 


implements were used, but with succeeding treatments 
an increasingly direct and understandable speech was 
employed. Many of the patients began to write letters 
for the first time since institutionalization. Disturbances 
in equilibration were noted frequently, in the nature of 
experiences of rapid alterations of equilibrium. These 
were accompanied by terrifying feelings of disorganiza- 
tion. Somatic complaints usually centered about the 
thorax and abdomen, while actual skeletal injuries, 
such as sprains, or even fractures, were disregarded. 
Various motor manifestations of sexual activity were 
observed during the delirium. These included mas- 
turbatory and heterosexual and homosexual pantomimes. 
Several patients revealed vague sadistic or masochistic 
trends. Pathologic sexuality was also released verbally. 
Almost every patient expressed experiences of body 
alterations that might be classified as castration fears. 
Even in previously apathetic patients, an affective 
appropriateness was called forth, as well as increased 
sensitivity and sudden impulsive destructive and self- 
destructive outbursts. 

The author suggests that these alterations in produc- 
tivity and affect could be employed in psychotherapeutic 
efforts accompanying the irritative therapy. 


Cuoporr, Langley Field, Va. 


MENTAL SYMPTOMS IN MULTIPLE SCLEROSIS. CARL 
SuGAaR and RAyMOoND Lt, J. Nerv. & Ment. 
Dis. 98:267 (Sept.) 1943. 


Sugar and Nadell review the literature on the mental 
symptoms of multiple sclerosis, emphasizing the great 
diversity of observations by different authors. They 
attribute this primarily to the difference in the source 
of the material studied, this being exclusively either 
from neurologic hospitals or from institutions for mental 
disease. 

They report a study of 28 patients with multiple 
sclerosis admitted to a hospital for chronic neurologic 
conditions. They found euphoria to be the prevailing 
mood in 15 patients, dysphoria in 5 and fluctuating 
moods in 8 patients. As a change from their prevailing 
mood prior to the onset of the illness, 11 patients 
showed an increase in cheerfulness; 10 of these were 
basically cheerful. Seven patients showed an increase 
in depression; in 4 this was the prevailing mood. Six 
patients showed an increased variability of mood; of 
these, all but 1 had always had variable moods. Four 
patients displayed no change. Thus, in the majority 
of patients the prevailing mood was accentuated. In 
all but 2 of the patients the affective coloring of the 


_thought content was similar to that of the prevailing 


mood. A sense of physical well-being accompanied the 
mood in the euphoric patients, whereas the dysphoric 
patients felt bad most of the time. Exaggerated emo- 
tional expression was present in 79 per cent, while 21 
per cent of the patients showed little outward expression 
of emotion. Loss of or imperfect control of affective 
expression was found in 18 patients (64 per cent); 16 
of these stated that their outward expression was in- 
congruous with their emotional feeling. 

The authors corroborate the contention of Cottrell and 
Wilson that change in the prevailing mood, in emotional 
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expression and control and in the sense of physical 
well-being constitutes a diagnostic triad which occurs 
more frequently than any single neurologic sign. They 
believe that the affective disturbances in mood and 
behavior fit in with the patient’s previous personality 


makeup. Cuoporr, Langley Bield, Va. 


WorK AND THE PLEASURE PRINCIPLE. Ives HENDRICK, 
Psychoanalyt. Quart. 12:311, 1943. 


Hendrick formulates the theory that work pleasure is 
not primarily displaced or sublimated sensual pleasure, 
but that it is the pleasure afforded by effective inte- 
gration of the neuromuscular and intellectual functions. 
He calls the need of human beings for such pleasure 
the work principle, and he regards this principle as an 
expression of the instinct to master, the goal of which 
is control or alteration of environmental situations 
through the effective development of integrated intel- 
lectual and motor functions. The first objective evi- 
dence of the work principle is to be observed in the 
development of each partial function in infancy, when 
the stereotyped repetition of the function is replaced 
by the ability to modify the function effectively and to 
adapt it to tasks which satisfy the need to master. The 
work principle should therefore be regarded as evidence 
of maturity of ego function, and the repetition compul- 
sion, as evidence that the ego is functioning inadequately 
for the skilful performance of a certain task. 


Pearson, Philadelphia. 


CoNVULSIVE 
Psychoanalyt. 


CONCERNING THE PSYCHOGENESIS OF 
Disorpers. Leo H. BARTEMEIER, 
Quart. 12:330, 1943. 


Bartemeier believes that convulsions constitute a 
means of discharging destructive energy autoplastically. 
While all human beings have this innate preformed 
possibility of discharge, the predisposition of those who 
finally manifest a convulsive tendency consists in their 
predilection for the convulsive way of discharge. If 
the energy quantum is high enough and other ways 
are blocked, even the nonpredisposed person will turn 
to convulsions in order to relieve the mental apparatus 
of tension, and to a minor degree every person will 
show convulsive manifestations in one way or another. 


Pearson, Philadelphia. 


FEAR OF DEATH. GREGORY ZILBOORG, Psychoanalyt. 
Quart. 12:465, 1943. 


Morale has to do with the avoidance of turning 
aggression against one’s self and with the proper direc- 
tion of aggression outward. The fundamental psycho- 
logic issue involved in the problem of morale is that 
of how one reacts to the fear of death, which is present 
constantly in mental functioning. It must be kept 
repressed, and in order to increase the repression one 
spends much time and energy in denying the possibility 
of death and in trying to master it. 
news of violent deaths overlays an unconscious ego- 
centricity. “It is not I who was killed.” 

When war comes to a civilized community, the fear 
of death, so well taken care of in peacetime, undergoes 
a crucial change. The civilian may still utilize the 
mechanism which makes him feel he is an exception 
and therefore cannot be killed. Not until members of 
his family and friends fall in battle does he come to 
grips with the fear of death by way of identification 
with those who were killed. Therefore compassion, 
an expression of the unconscious sense of guilt about 
those who have fallen, and scorn, a momentary sense 


One’s interest in . 


of anger and hatred for the enemy who kills, become 


prominent components of the complex set of psychologic 
factors that group themselves around the repressed fear 
of death. Compassion and scorn become the core of 
morale, and the actual fear of death is mastered through 
hatred of the enemy. In the civilian who is exposed 
to bombing the fear of death is activated, but is coun- 
tered by an increase in religious feeling and the mobilj- 
zation of hatred. In this way the fear of death is 
transformed into a sadomasochistic combination, which 
on the socialized level is represented by awareness of 
grim hatred and of readiness to make great sacrifices 
to win the war. The accentuation of murderous drives 
is helpful in war, but if it occurred in times of peace 
it would lead to depressive states and to an increase 
in the rate of suicide. The rate of suicide is always 
higher in peacetime. 

On the battlefield green troops become seasoned sol- 
diers as they become angry, that is, as they convert 
their fear of death and hatred into hatred and aggres- 
sion. In that fear of death which would be called 
neurotic, i. e., in the war neuroses, the victim hates, 
but he has a paralysis of motor aggression. He is 
unable to fight because he identifies himself with the 
dead as a result of a severe sense of guilt which ante- 
dates his military service. Those who are the most 
conspicuous misfits on the battlefront are the most 
ethically sensitive people, although they are socially 
the most useless. 

Civilian morale might be improved if the general 
population were better informed about the losses and 
could see more of the wounded. 


PEARSON, Philadelphia. 


Bopy As PHattus: A Note. 
Henry ALDEN BuNKER, Psychoanalyt. Quart. 12: 
476, 1943. 


The English word “body” is of unknown origin. 
Middle Gaelic, however, has the word bod, meaning 
penis. This corresponds to the psychoanalytic obser- 
vation that body and penis are interchangeable in the 
unconscious. Bunker cites the fantasy of a 6 year old 
boy, which illustrates clearly that for this boy the word 
“body” meant penis. Pearson, Philadelphia. 


THe PsyCHOANALYTIC CONCEPT OF MEMORY AND Its 
RELATION TO RECENT MEMORY THEORIES. ERNST 
Lewy and Davip Rapaport, Psychoanalyt. Quart. 
13:16, 1944. 


The psychoanalytic theory of memory is based on 
the view that memory traces are used by psychic 
forces, which find expression through them. The modes 
in which strivings make use of memory material vary 
significantly among such phenomena as everyday re- 
membering, dreams and remembering of childhood 
experiences. The theories of memory deduced from 
experimental work by Lewin, Koffka and Bartlett show 
a striking parallel with the psychoanalytic theory. 


Pearson, Philadelphia. 


HyYPoGLYCEMIA AND TENSION-Depression. T. A. C. 
RENNIE and J. E. Howarp, Psychosom. Med. 4: 
273 (July) 1942. 


Rennie and Howard report on a series of 7 patients 
who had symptoms of a psychiatric disorder character- 
ized chiefly by tension and colored by manifestations 
of depression. In addition, all the patients exhibited, 
as a conspicuous feature, a craving for food, which 
when satisfied resulted in temporary alleviation of the 
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emotional disturbances. Six of the patients were 
women, and 1 was a man. The hypoglycemic symptoms 
were in keeping with the flat dextrose tolerance curves 
obtained for all the patients. The hypoglycemia appeared 
to be secondary to the psychiatric disorder, since the 
former disappeared after the treatment of the latter. 
The authors emphasize that, since there are wide vari- 
ations in the level of the blood sugar outside the 
accepted normal range, the dextrose tolerance test 
should be properly interpreted in terms of the individual 
personality. They conclude that when the specific com- 
plaints suggestive of hypoglycemia are presented, it is 
important to study the total personality and, in a certain 


group of patients, to treat the personality disturbances 


primarily. SCHLEZINGER, Philadelphia. 


PHYSIOLOGIC AND PsycHoLocic StuDIES IN SPONTANE- 
ous Hypocitycem1A. J. RoMANo and G. P. Coon, 
Psychosom. Med. 4:283 (July) 1942. 


Romano and Coon describe the case of a married 
man aged 44 in which the original diagnosis of hysteri- 
cal fugue was later proved incorrect and was replaced 
by a pathologically verified diagnosis of hypoglycemia 
due to a benign islet cell adenoma of the pancreas. 
The patient was an emotional, rigid, sensitive and de- 
pendent person who evidenced considerable repressed 
aggression. His illness was also characterized by re- 
current episodes of confusion, uninhibited emotional 
behavior and disconnected movements. After the sur- 
gical removal of the adenoma the episodes were elim- 
inated, but the essential nature of his personality 
remained unchanged. 


The authors believe that the principal source of error 
in the diagnosis of a neurotic personality lies in the 
methods directed toward exclusion of positive data re- 
lated to physical disease or psychosis. The need for 
the establishment of positive criteria of neurotic per- 
sonality structure is emphasized. 


In considering the relation between increased cerebral 
metabolism as a result of hypoglycemia and the re- 
sultant disturbances in intellectual, emotional and motor 
behavior, the authors suggest that inhibition and re- 
pression may be the physiologic and psychologic ex- 
pressions of a basic phenomenon. The release of 
concrete intellectual activity, of less inhibited emotional 
expression and of less integrated neurologic behavior 
may result in all delirious patients as it did in this 
hypoglycemic patient. As in all deliriums, the primary 
psychologic disturbance is situated at the level of 
awareness. This disturbance of consciousness is more 
or less impersonal. On the other hand, the emotional 
behavior, which is dependent on the degree of dis- 
turbance of consciousness, is more individualized and 
specific in reflecting the personality structure of the 


delirious patient. ScHLEZINGER, Philadelphia. 


A PERSONALITY Stupy or ALCOHOL ADDICTION. CHARLES 
C. Hewitt, Quart. J. Stud. on Alcohol 4:368 (Dec.) 
1943, 


Hewitt employed the Minnesota multiphasic person- 
ality schedule and the Pressey senior classification test 
in an effort to determine the personality of persons 
addicted to alcohol. He claims that the schedule em- 
ployed appears to be superior to any other inventory. 

The case material consisted of 37 members of Alco- 
holics Anonymous, Inc., 15 other persons with alco- 
holism and 12 subjects who enjoyed the effects of 
alcohol but rarely drank in excess. The author concludes 
that addiction to alcohol seems to accompany, with few 
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exceptions, deep personality disorders. Nearly all of 
the alcohol addicts, according to this study, exhibited 
a “marked psychopatic deviation which was often asso- 
ciated with neurotic, paranoid or schizoid trends.” 


GuTtMaNn, New York. 


PuysIcAL TREATMENT OF ACUTE PSYCHIATRIC STATES 
War. Sarcant, War Med. 4:577 
(Dec.) 1943. 


Sargant points out that persons with reasonably good 
previous personalities do not generally break down or 
give up the fight against neurotic symptoms if their 
physical health is good. In treatment of acute condi- 
tions he emphasizes the need for sedation, preferably 
administration of the barbiturates intravenously or of 
paraldehyde by mouth. Forced feeding of enormous 
quantities of food and liquids is necessary with pa- 
tients who have lost weight. This may be supple- 
mented by small doses of insulin or by the Weir 
Mitchell technic. Sargant ends with the statement 
“Breakdown, even in the presence of great physical 
exhaustion and deterioration, is less common in an 
advancing triumphant army.” 

Pearson, Philadelphia. 


MANUAL OF EMERGENCY TREATMENT FOR ACUTE WAR 
Neuroses. Lawrence S. Kusiz, War Med. 4: 
582 (Dec.) 1943. 


Most war neuroses begin as acute disorders. These 
disturbances frequently develop gradually; i. e., the 
collapse occurs only after cumulative stress. Para- 
mount in this stress are the effects of fatigue and 
hunger, of incessant and increasing danger and of a 
series of repeated, rapidly successive, narrow éscapes. 
It takes time to recover from the effects of sudden 
danger; but when one threat is followed at once by 
another, there is no interval in which the emotional 
reverberations can die out, and the person spends his. 
days and nights living as though he were engaged in 
an incessant struggle to escape from or master the 
original danger. Each successive escape contributes to 
the secretly mounting tension. At some point the ten- 
sion becomes manifest, usually the first sign being a 
specific disturbance of sleep and terror dreams. Once 
sleep is disturbed, fatigue increases rapidly, giving rise 
to moments in the waking hours in which the patient 
lapses into momentary half-dissociated states. At such 
moments sudden movements, noises or lights cause a 
startled panic. As the fatigue and moments of terror 
spread through the day, the patient becomes unstable 
and depressed and feels alienated from his comrades. 


There are also many subtle changes in his daily 
behavior. 


As any man may break under sufficient stress, pre- 
Vention depends on the recognition of incipient stages. 
and on steps which can be taken to stave them off. 
There are several important preventive measures: 
1. Officers and men should be taught to recognize early 
any disturbances of sleep. 2. As soon as sleep distur- 
bances are noted, sedation, with a combination of two. 
sedatives, should be given; one of the sedatives should 
act rapidly, and the other should act slowly and have 
a sustained action. 3. A low light should be kept 
burning in the sleeping quarters throughout the night. 
4. The soldier should be awakened swiftly and be given 
a cold drink or black coffee, followed by amphetamine 
sulfate, as soon as he is awake. 5. Rest periods during 
the day should not be silent, but the soldier should be 
kept amused and interested. 
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After the neurosis is established, the emergency treat- 
ment is as follows: (1) Controlled sleep, physical 
restoration and friendly group companionship; (2) 
superficial catharsis through companionship in isola- 
tion, “gentling” and opportunity for cathartic release; 
(3) prolonged sleep under continuous narcosis; (4) 
group methods of psychotherapy; (5) deconditioning 
procedures; (6), hyponarcoanalysis and the induced 
hypnagogic reverie, and (7) in cases in which the pa- 
tient is inaccessible to any contact, even under nar- 
cosis, one or two electric shock treatments or sustained 
periods of hypoglycemia, without coma or convulsions. 


Pearson, Philadelphia. 
PsycHoses IN OFFICERS IN Wor-p War II. ApbpIsoNn 
M. Duvat, War Med. 5:1 (Jan.) 1944. 


Duval reports on the study of 100 officers admitted 
consecutively to St. Elizabeths Hospital and compares 
this group with a somewhat similar group of officer 
patients in World War I. 

Twenty-seven patients gave a history of previous 
mental illness, and 10 had previously been treated in 
hospitals for mental disease. At least 20 of the 27 
patients would have been rejected on induction if they 
had been given an adequate psychiatric examination. 
The ages of the entire group varied from 20 to 49 
years. Eleven men had service of less than one month, 
and 45, of less than one year. In many instances 
situational factors were important in producing the 
psychotic attack. Thirty-four patients had manic- 
depressive psychoses, and 30, schizophrenia. With 10 
patients electric shock gave good results. Seventy-four 
patients have been discharged from the hospital, 49 as 
recovered or socially recovered, 20 as showing improve- 
ment, 2 as showing no improvement and 3 as free from 


psychosis. Pearson, Philadelphia. 


HysterRIcAL VisuAL Derects. Paut T. McALPINe, 
War Med. 5:129 (March) 1944. 


McAlpine reports briefly 9 cases of amblyopia of 
hysterical origin and 1 case of amblyopia regarded as 
a symptom of dementia precox. Hysterical amblyopia 
is of infrequent occurrence and must be differentiated 
from retrobulbar neuritis, toxic neuritis and amblyopia 
due to disease of the central nervous system. 


Pearson, Philadelphia. 


RETROGRADE AMNESIA. W. MAYER-GROss, Lancet 2: 


603 (Nov. 13) 1943. 


Mayer-Gross tested retrograde amnesia in 102 trials 
on 46 patients. The subjects were all psychotic, without 
impairment of memory; the author excluded patients 
whose full cooperation was doubtful. Tests were made 
for memory of a series of four picture cards the minute 
prior to the administration of electric shock therapy. 
After twenty-four hours or less the patient was tested 
for memory recall and for recognition. Only 2 patients 
recalled all cards, and of all 102 tests only 29 resulted 
in complete recognition. The author stated that this 
result indicates that retrograde amnesia is not a uni- 
‘versal symptom after epileptiform convulsions. There 
was a direct relation between the time the pictures were 
shown and recall and recognition; the pictures shown 
first were better remembered than those shown next, 
and the pictures shown last were least often recalled 
or recognized. Thus the defect was true retrograde 
amnesia. The results of testing three to eight hours 
after the shock were compared with those of tests made 
twenty-four hours later. The first picture shown was 
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consistently better remembered a few hours after the 
seizure than a full day later. The author concluded 
that this observation indicated that “it is not a matter 
of. indifference at which time the patient is tested for 
retrograde amnesia.” In only one tenth of the experj- 
ments did the retrograde amnesia last longer than one 
minute. | 

Mayer-Gross discusses the theories explaining this 
phenomenon. The most popular current theory among 
neurologists and psychiatrists is that the traces, of 
engrams, of what has gone before the accident are 
destroyed. The author believes that the difference be- 
tween recall and recognition in his tests is too great 
to support this theory by which he means that one. 
could not recognize so well what one could not recall 
if the subject matter had been actually destroyed or 
blotted out. Rather, he prefers. the theory that the 
consolidation of recent memories is interrupted; there 
is a retroactive inhibition similar to that known to 
normal psychology. 

He cannot explain the individual differences in retro- 
grade amnesia found among his subjects. In patients 
with head injuries the variations might be explained 
by differences in local cerebral damage, but the duration 
of electric shock and its clinical symptoms vary s0 
little from subject to subject “that one is forced to 
surmise the presence of an unknown personal factor.” 
Nor can he explain the clinical fact that patients in 
post-traumatic drowsiness will describe an accident in 
detail which they cannot remember when completely 
conscious later. This phenomenon seems to parallel the 
fuller recollection of the first picture in the early test 


of his series. McCarter, Philadelphia. 


Diseases of the Brain 


INCIDENCE OF THE CHANGES IN THE RETINAL VEINS 
IN MuLTIPLe Sccerosis. J. V. Truescu and C. W. 
Rucker, Proc. Staff Meet., Mayo Clin. 19:253 
(May 17) 1944. : 


Rucker describes perivenous sheating in the retinal 
veins in cases of multiple sclerosis and asserted that 
in most of the cases in which this sign was present 
a definite or a presumptive diagnosis of multiple scle- 
rosis had been made. 

Truesch and Rucker report on the examinations of 
the fundus in 52 patients with multiple sclerosis, in 
all of whom careful search was made for perivenous 
sheathing. All the examinations were made through 
dilated pupils; all observations were confirmed, and all 
borderline cases were discarded. Of the 52 patients 
studied, 10 (19 per cent) showed the changes described 
as perivenous sheathing. The ages of the 10 patients 
varied from 18 to 51, 5 being women and 5 men. 
The average timé of appearance of the sheathing after 
the first symptom of multiple sclerosis was four and 
one-third years. The condition is not related to the 
occurrence of pallor of the optic disks nor to a history 
of previous blurring of vision. 

Philadelphia. 


Leper’s DiseaASE: Report oF Four Cases IN ONE 
Famity. C. S. ALEXANDER, Texas State J. Med 
39:301 (Sept.) 1943. 


Leber’s disease is defined as hereditary bilateral pri- 
mary optic nerve atrophy. It is transmitted almost 
entirely by the female, who is usually unaffected, al- 
though it may rarely be transmitted by the male directly 
or indirectly through the daughters. It may be seen 
in successive generations, but it usually skips one or 
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more generations. The disease frequently affects more 
than one person in a family and involves males more 
frequently than females. The literature records 1 case 
in which microscopic examination of the optic nerve 
was made post mortem, by Rehsteiner in 1932. This 
author observed atrophy of the ganglion cells and the 
nerve fiber layer of the retina and atrophy of the optic 
nerve, limited to the papillomacular bundle, other parts 
of the nerve being normal. The medullary sheaths were 
almost all destroyed. There were an increase in the 
glia and atrophy of the finer connective tissue partitions 
of the nerve. Alexander observed 4 cases of Leber’s 
disease in a family of 5 children. The cases were 
equally distributed between the sexes. In the 2 girls 
the onset of the disease was at 5 years of age, whereas 
usually the first symptoms occur between puberty and 
the age of 30 years. In these patients the condition 
did not improve. One patient presented an associated 
nystagmus; this is unusual in the presence of greatly 
reduced vision. No other record of its concurrence with 
Leber’s disease could be found. The chief symptom is 
great diminution in vision with central scotoma. Com- 
plete blindness does not occur. The prognosis is poor, 
but improvement sometimes occurs. Treatment is of no 
benefit. 


J. A. M. A. 
ATMOSPHERIC AND IMMERSION Btast_ INJURIES. 


Frank V. Tues, War Med. 4:262 (Sept.) 1943. 


Atmospheric and immersion high explosive blasts 
produce injuries to the internal structures of the ex- 
posed body with absence of external evidence of trauma. 
There may be symptoms referable to all parts of the 
body. With respect to the nervous system, headaches 
are common, and sensitivity to noise and tinnitus are 
fairly frequent. Changes in the personality are impor- 
tant and become most prominent several days after 
injury. 

Relatively few cases of blast injury have been studied 
adequately at autopsy. The air-containing viscera seem 
primarily to be injured by blast. Injuries to the kid- 
neys, spleen and liver have not been observed at autopsy, 
but animal experiments have demonstrated that all 
organs may be affected. 

There is no essential difference between the injuries 
resulting from atmospheric blasts and those due to 
immersion blasts. The detonation of high explosives 
produces an extremely intense longitudinal compression 
wave, which moves forward, although the particles of 
the medium through which it passes do not move, but 
oscillate backward and forward. The wave has two 
phases—a pressure and a suction component. It travels 
four times as far in water as in air. The damaging 
effect of the blast wave is due largely to the sudden 
pressure of the external surface of the body on the 
internal structures. 

In order to prevent the serious effects of blast on 
the body, the following protective measures may be 
taken : 

1. In the presence of an impending blast, one should 
exhale forcibly and contract the abdominal muscles. 

2. For atmospheric blasts, protection is afforded by 
shelters, heavy clothing and cotton or plastic appli- 
ances for the ears. It is important to lie face down 
in a trench or gutter. 

3. In the presence of immersion blasts, one should 
keep the head, and as much of the body as possible, 
out of the water, by swimming on the back, and should 
keep the mouth open. It is advisable to wear a heavy 
kapok life jacket and delay as long as possible enter- 
ing the water when immersion blasts are expected. 
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The treatment for blast injuries is symptomatic, and 
its appropriateness depends on the extent, severity and 
distribution of the injuries. 

Pearson, Philadelphia. 


Nicut BLINDNESS OF WAR. 
Med. 4:331 (Sept.) 1943. 


Malnutrition (lack of vitamin A) causes night blind- 
ness, xerosis and xerophthalmia. Therapeutic correc- 
tion is simple, swift and sure. Although in the 
literature poor dark adaptation, as measured by instru- 
ments, has been included under the term night blindness, 
it is not related to it, and treatment with huge doses 
of vitamin A does not correct it. 


Pearson, Philadelphia. 


Paut H. Wosrka, War 


APPLICATION OF ELECTROENCEPHALOGRAPHY IN THE 
Navy IN WartIME. Rosert S. ScHwas, War 
Med. 4:404 (Oct.) 1943. 


Ninety per cent of the naval personnel with clinical 
epilepsy have had abnormal electroencaphalograms. 
Electroencephalography has proved thoroughly useful 
in the diagnosis of, or in the elimination of a suspi- 
cion of, an epileptic tendency. The electroencephalo- 
graphic examination, however, is not a short cut, nor 
does it eliminate the need for a careful history and 


neurologic study. PEARSON, Philadelphia. 


HystTeRICAL HoMONYMOUS HEMANOPSIA WITH HEMI- 
PLEGIA AND HEMIANESTHESIA. SLOAN G. STEWART, 
Grec C. RANDALL and F. Recis RIESENMAN, War 
Med. 4:606 (Dec.) 1943. 


The authors report the case of a man with homony- 
mous hemanopsia associated with hemiplegia. Several 
examinations of the visual fields showed a constant 
field defect, consisting of homonymous macula-sparing 
hemanopsia consistent with a diagnosis of an organic 
lesion of the brain affecting the right optic pathway 
or tract. The subjective sensory and motor complaints 
were compatible with such involvement. The clinical 
course, the objective neurologic observations and the 
efficacy of psychotherapy indicated:the hysterical con- 
dition. A review of the literature indicates that per- 
haps this is the first case of homonymous hemanopsia 
of a true hysterical nature ever to be reported. 


Pearson, Philadelphia. 


ELECTROENCEPHALOGRAPHY IN THE ARMY GENERAL 
HospitaL. DANIEL SILVERMAN, War Med. 5:163 
(March) 1944. 


On the basis of the study of the clinical records and 
electroencephalographic tracings for 173 neuropsychi- 
atric patients, Silverman concludes that the electroen- 
cephalogram is of special value in the diagnosis and 
disposition of epilepsy, psychoneuroses resembling or- 
ganic disease of the brain, syndrome following head 
injury and focal lesions of the brain from any cause. 


Pearson, Philadelphia. 


Two Cases oF RUBELLA MENINGO-ENCEPHALITIS. 
R. I. C. Braprorp, Brit. M. J. 1:312 (March 13) 
1943. 


The rarity of meningoencephalitis in association with 
rubella is evidenced by the fact that Taylor, in 1937, 
could find only 12 reported cases. Bradford reports 
a case of such an occurrence in a youth aged 19 years 
and another in a boy of 18 years. Both patients recov- 
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ered. Encephalitis associated with exanthems has been 
attributed to the virus of the exanthem in question; 
to a virus common to all patients, normally latent, but 
activated by the exanthem, and to an allergic reaction 
in the brain following the general eruption. Bradford 
seems to favor the last theory. 


Ecuots, New Orleans. 


Heap INjuRIES IN CYCLISTS WITH SPECIAL 
REFERENCE TO CRASH HeEtmets. H. Carrns and 
H. Hotsourn, Brit. M. J. 1:591 (May 15) 1943. 


Cairns and Holbourn, in an extensive analysis of 106 
cases of head injury sustained by motor cyclists wear- 
ing crash helmets, noted the following significant ob- 
servations: The degree of injury varied from mild to 
severe. The injury of the scalp and skull corresponded 
with the site of the blow on the helmet. In 40 per 
cent of 81 cases the victim sustained multiple injuries 
to the head. Over half the blows occurred on the 
front of the helmet, and the crown received the least 
number of blows. The authors noted that in motor 
cyclists cerebral injury was almost invariably asso- 
ciated with a blow on the head, protection against 
which could be provided by a properly fitted crash 
helmet; only rarely was the brain damaged by a blow 
limited to the face. The wearing of the crash helmet 
reduced the incidence of fracture of the skull, decreased 
the degree of concussion and altered the s€verity of 
the injury in the direction of mildness. A comparison 
of the two types of crash helmets revealed the superi- 
ority of the pulp over the vulcanized rubber helmet. 


Ecuots, New Orleans. 


ARSENICAL ENCEPHALOPATHY. R. B. Netson, C. 
McGrssons and F. Gryn-HuGueEs, Brit. M. J. 1: 
661 (May 29) 1943. 


Hemorrhagic encephalopathy is one ct the rarest and 
most fatal complications occurring during the treat- 
ment of syphilis with arsenical compounds. The reason 
for its occurrence is not definitely understood. The 
dose and toxicity of the drug seem to bear no relation 
to its production. . The authors consider as possible 
etiologic factors the nature of the syphilitic infection, 
vitamin deficiency and mental stress and strain. They 
believe that the drug has a direct toxic action on the 
cerebral capillaries. They regard pregnant women as 
“potential reactors.” The clinical picture is one of 
cerebral irritation, which may be preceded by symp- 
toms of headache and dizziness.. Four cases are re- 
ported, in 3 of which the complication was fatal. In 
the other case recovery was attributed to repeated 
spinal drainage and the use of morphine. 


Ecuots, New Orleans. 


NEUROHEPATIC DEGENERATION. T. FRACASSI, 
argent.-nort. de cien. méd. 1:310 (July) 1943. 


Fracassi shows that, contrary to Wilson’s and von 
Economo’s belief, the degenerative process in hepatolen- 
ticular degeneration is not limited to the lenticular 
nuclei and the putamen, but extends to the cerebral 
cortex, the white substance and the gray nuclei. He 
states therefore that neurohepatic degeneration would 
be a better term and includes under it not only Wilson’s 
disease and the pseudosclerosis of Westphal and Striim- 
pell but all cerebral degenerative alterations caused by 
degenerative hepatic lesions. A case is described in 
which the condition could be considered Wilson’s dis- 
ease but was really atrophic cirrhosis of Laénnec, prob- 


Rev. 


ably due to a gastrointestinal disorder, since alcoholism 
or syphilis was absent. The patient showed neurologic 
manifestations ten years after onset of the first symp- 
toms of hepatic cirrhosis. The first neurologic mani- 
festation was mild paralysis of the hands and legs. 
Later, speech became slow and hesitant, and tremor of 
the hands developed. Clinical examination revealed an 
extrapyramidal syndrome, with parkinsonian rigidity of 
the face and tremor of the hands, moderate muscular 
rigidity and dysarthria and tremor of the lips and 
tongue with difficulty in swallowing. There were also 
signs of a pyramidal syndrome: pronounced decrease 
in the strength of limbs, exaggerated tendinous reflexes, 
bilateral clonus of the foot and a positive Babinski sign 
in the left foot. The patient also presented symptoms 
of cortical excitation in the form of epileptiform fits, 
He died of pneumonia, and necropsy showed atrophic 


cirrhosis of the liver with fibrous perihepatitis and in-— 


terstitial splenitis, as well as varices of the esophagus, 
There were atrophy of the cerebral cortex, laminar 
softening and atrophy of the nuclei of the striatum, with 
softening and cystic dilatation of the perivascular spaces 
and areas of softening in the optic layer. Glial elements 
were abundant in the cortex and in the nuclei of the 
striatum. There were areas of circumscribed and dif- 
fuse loss of nuclei in the frontoparietal white substance, 


J. A. M. A, 


AcTION OF CARBON D1IoxIDE IN EPILEPSY AND ScHIz0- 
PHRENIA ON BAsIs OF ELECTROENCEPHALOGRAPHIC 
OsservatTions. A. F. KoRNMULLER, Miinchen. med. 
Wehnschr. 89:30 (Jan. 9) 1942. 


Kornmiiller investigated the influence of carbon 
dioxide on the electroencephalographic changes in pa- 
tients with epilepsy and with dementia precox. The 
patients were subjected to electroencephalographic study 
while they breathed alternately ordinary air and 5 or 
3 per cent carbon dioxide in pure oxygen. These studies 
were made on 40 patients, most of whom had either 
epilepsy or dementia precox. The observations demon- 
strated that carbon dioxide may decrease or completely 
counteract the abnormal electroencephalographic mani- 
festations of these diseases. Carbon dioxide, especially 
its deficiency (hypocapnia), acts directly on the brain, 
inasmuch as it is an adequate stimulus for certain parts 
of the brain. Carbon dioxide increases the perfusion 
of blood in the brain, whereas its lack reduces the cere- 
bral circulation. Carbon dioxide also plays a part in 
tissue respiration. Further investigations are necessary 
to determine which of the factors assumes the decisive 
role. The author’s observations indicate that some pa- 
tients with epilepsy or with dementia precox are more 
or less continuously, and not during hyperventilation 
alone, in an abnormal state, which can be counteracted 
by carbon dioxide. Electroencephalography indicates 
that this condition involves chiefly parts of the frontal 
area of the brain which are connected with the midbrain 
and the hypothalamus. It is possible that these parts 
of the brain are diseased or that carbon dioxide repre- 
sents an adequate stimulus for some of them. This is 
also indicated by the effect of voluntary hyperventilation 
in patients with epilepsy. It is probable that therapeutic 
effects may be expected from the use of carbon dioxide 
in treatment of epilepsy, dementia precox and other dis- 
eases of the brain. The effects of metrazol, insulin and 
electric shock treatments may be partly due to the fact 
that these methods increase the carbon dioxide content 
of the brain and blood. J. A. M.A. 
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Peripheral and Cranial Nerves 


Tue SyNpRoME. R. FINLEY GAYLE 
and Date Groom, J. Nerv. & Ment. Dis. 98:488 
(Nov.) 1943. 


Gayle and Groom review briefly the literature and the 
characteristic clinical picture of the Guillain-Barré syn- 
drome. They report the case of a 4 year old child 
in whom complete flaccid quadriplegia, paralysis of the 
left abducens nerve, distended bladder, generalized 
hyperesthesia and absence of deep reflexes appeared 
three or four days after apparent recovery from an in- 
fection of the upper respiratory tract, in December 
1942. A spinal tap on the fourth day in the hospital 
revealed 4 cells per cubic millimeter and a total protein 
content of 120 mg. per hundred cubic centimeters. 
Treatment according to the Kenny method was insti- 
tuted, with local hot applications, manipulation, massage, 
exercises and use of removable casts. Recovery was 
progressive, and by September 1943 only some residual 
weakness and atrophy of the lower extremities re- 
mained. The authors believe the Kenny method to be 
of value in the treatment of this condition. 


CHoporr, Langley Field, Va. 


CauSsES OF PAIN IN Feet AFTER PROLONGED IMMER- 
SION. IN Water. JAmMes C. Wuirte and 
SHIELDS WARREN, War Med. 5:6 (Jan.) 1944. 


Severe pain is common in the early and late stages 
of recovery from the results of prolonged immersion 
of the feet in cold water. On the basis of microscopic 
and other studies, White and Warren conclude that in 
the early phase of inflammation the pain is due to 
anoxia of the injured superficial tissues and nerve 
endings. Pain of this sort can be controlled by cooling 
the legs, as this procedure lowers cellular metabolism 
and makes the reduced demand for oxygen commen- 
surate with the limited supply which can be furnished 
by the thrombosed superficial blood vessels. 

After the period of inflammation has passed, aching 
pain and rigidity of the toes may cause prolonged inca- 
pacity in persons who have had more severe injury. 
This pain and rigidity are due to an increase in inter- 
stitial connective tissue and collagen. The nerves are 
embedded in fibrous tissue and show endoneural fibrosis. 
Pain of this type tends to ease after six to eight months, 
the time at which the collagen surrounding the nerves 


ceases to contract. Pearson, Philadelphia. 
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Society Transactions 


CHICAGO NEUROLOGICAL SOCIETY 
R. P. Mackay, M.D., President, in the Chair 
Regular Meeting, Feb. 8, 1944 


Intracranial Chordoma: 
Peter BASSOE. 


Report of a Case. Dr. 


A single woman aged 32, a private secretary, was 
seen by me in 1937 because of mild paralysis agitans 
involving the right side which had come on six years be- 
fore without any signs of encephalitis or other acute in- 
fection. I did not see her again until January 1942, when 
the paralysis agitans was no worse but she complained 
of sore eyes. The vision: and eyegrounds were normal. 
In February 1943 she complained for the first time of 
getting tired and of more difficulty with the right hand. 
On April 1, 1943 she awoke with severe headache on 
the left side and triplopia on looking to the left. When 
she was seen on April 5, the presence of triplopia was 
verified, and the left rectus muscle was about 30 per 
cent paretic. The headache was relieved by codeine. 
On admission to the hospital on April 6, she still had 
the triplopia but little*headache. Examination by Dr. 
E. V. L. Brown on the day after admission revealed 
only diplopia. The palsy of the external rectus muscle 
remained, with the width between the images constantly 
changing. The pupils and the disks were normal. In 
a few days the palsy of the external rectus muscle 
almost disappeared, and the patient saw double only on 
looking to the far left. She left the hospital on April 
10. Aside from the diplopia, the neurologic condition 
was unchanged. She was in her usual condition, free 
from diplopia, until the last week in July, when slight 
palsy of the left external rectus muscle reappeared, and 
she also complained of headache in the left frontal 
region. The weakness of the external rectus muscle 
slowly increased, to be complete by the end of August. 
In late September the tongue and the inside of the 
mouth on the left side became hypalgesic, and in the 
course of a month the whole area of distribution of the 
left trigeminal nerve was analgesic. There was much 
headache, and at night she would wake with twitchings 
on the right side. 

She continued work until she had to give up, chiefly 
on account of fatigue, and she returned to the Presby- 
terian Hospital on October 18. Soon speech became 
slurred and swallowing difficult, and weakness of the 
right side was added to the old parkinsonian rigidity. 
The visual fields were practically normal on October 21. 
The eyegrounds remained normal until about October 
28; then papilledema rapidly developed bilaterally. 
Neither the lateral nor the anteroposterior roentgeno- 
gram of the head showed anything abnormal. The 
pineal shadow was in the midline. Spinal fluid ob- 
tained on October 18 was clear and colorless; the 
pressure was 190 mm.; the Wassermann and Lange 
reactions were negative, and the cell count was 1 per 
cubic millimeter. The protein measured 44 mg. and 
the sugar 68 mg. per hundred cubic centimeters. 
Chiefly in the hope that the severe headache might be 
relieved, burr holes were made in both occipital bones 
by Dr. Verbrugghen, on November 1. Abundant fluid, 
under increased pressure, was obtained from the right 


ventricle, but little came from the left. The protein 
content of the ventricular fluid was only 8 mg. per 
hundred cubic centimeters. No air was injected, as by 
this time my colleagues and I were convinced of the 
presence of an inoperable tumor on the left side. The 
relief from headache was complete and permanent, 
much to our surprise. The patient grew weaker and 
more stuporous from day to day, and finally fever, 
leukocytosis and signs of bronchopneumonia developed, 
She died on December 15. The clinical diagnosis was 
old, stationary paralysis agitans and a deep-seated cere- 
bral tumor involving the left side of the brain stem, 
Necropsy revealed a large nodular tumor beneath the 
pons. It had eroded the bone between the sella and 
the foramen magnum, including the left posterior clinoid 
process. The pituitary gland was of normal size and 
appearance. The brain showed no other gross lesion. 
Examination of the rest of the body showed nothing 
of importance except beginning lobular pneumonia. 

Histologic examination of the tumor revealed the 
structure of a typical chordoma. In one microscopic 
section the three characteristic stages were present: 
(1) the stage of densely packed cells, mostly without 
vacuoles, (2) the stage of extensive vacuole formation 
and (3) the stage of vacuole formation with the addi- 
tion of syncytial formations. No mitotic figures were 
seen. As all the material had been placed in a solu- 
tion of formaldehyde,. it was impossible to use a special 
stain to determine whether the material in the vacuoles 
was glycogen, which is generally supposed to be pres- 
ent in this tumor. A piece of bone from the eroded 
basilar process which had been decalcified showed the 
same tumor structure. 

At the time of this report nearly 100 cases of cranial 
chordoma have been reported, but a positive clinical 
diagnosis has been possible only by biopsy when the 
tumor extended into the nasopharynx, an occurrence 
which is said to have been noted in 20 per cent of 
cases. However, the diagnosis is almost certain if the 
roentgenogram reveals a depression in the bone near 
the spheno-occipital junction and if the ventriculogram 
shows elevation of the third and fourth ventricles above 
the base of the skull. The clinical picture is never 
completely convincing but is often extremely sugges- 
tive, and is dominated by progressive involvement of 
the cranial nerves. The commonest early local symp- 
tom is diplopia, due to paresis of the external rectus 
muscle, preceded or accompanied by localized or gen- 
eral headache. The other cranial nerves most fre- 
quently involved are the fifth and the tenth, but all the 
cranial nerves are subject to involvement, the selection 
depending on how far forward and backward the bone 
tumor extends. 
is uncommon, and involvement of the cranial nerves is 
the result of their being stretched by the lifting up of 
the brain by the tumor at the base. Choked disk is 
not common and occurs late in the course of the dis- 
ease. Hemiplegia and other symptoms of cerebral 
compression, if present, are of late appearance. 

Surgical treatment has been tried in several cases, 
usually with such poor results that we do not regret 
our failure to attempt it in the present case. Even 
if the confusing preexisting paralysis agitans had not 
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Penetration of the tumor into the brain 
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delayed early recognition of the tumor, and if suitable 
roentgenologic examination had revealed its site, sur- 
gical intervention would probably have been futile. 

The case here reported is typical of chordoma arising 
from the region of the clivus, the second most common 
location of this tumor, the most common site being 
the sacrococcygeal junction. 


DISCUSSION 


Dr. Ben W. LicutTenstetn: Although it is easy 
to diagnose chordoma from the autopsy specimen, great 
difficulty may be encountered with small surgical speci- 
mens. The cuboidal cells of chordoma resemble so 
much the cells of hypernephroma and some varieties of 
carcinoma that one often thinks of a metastatic tumor 
at the base of the brain. The policy of fixing the 
entire specimen in a solution of formaldehyde continues, 
as in the past, even though such fixation precludes 
detailed histochemical analysis for glycogen and other 
substances. 


Dr. Victor E. Gonna: I should like to ask about 
the triplopia. It would be easy to understand the pres- 
ence of this sign if the third, as well as the sixth, nerve 
had been involved. Otherwise, as has been taught, 
monocular diplopia is always “functional.” If triplopia 
may be due to involvement of the sixth nerve, the 
present concept will have to be revised. 

Were the false images seen to the same side, or were 
they crossed? 


Dr. Liroyp H. ZiecLer: Perhaps my experience 
may throw light on the triplopia which Dr. Bassoe 
mentioned. Several years ago I saw a patient who 
had been drinking too much and who was disoriented 
and had visual and auditory hallucinations. He de- 
clared that real objects before him appeared double or 
triple and in the horizontal plane. Aside from tremor 
and disorientation, one of the chief signs was slow, 
jerky horizontal nystagmus. He said that the hallu- 
cinatory images of dogs, camels, cats and strange 
people, which he feared, also appeared double and 
triple and in the horizontal plane. Within a few days 
after his coming to the hospital, the true and false 
sensory experiences and the nystagmus disappeared. 
Defects in several extraocular muscles might produce 
two or three kinds of diplopia and images which were 
out of their ordinary position. Triplopia is rare in 
my experience and is not easy to understand, unless 
the conditions mentioned in this case (chiefly the slow 
nystagmus) may throw light on it. 


Dr. Peter Bassoe: I cannot answer Dr. Gonda’s 
question. I asked Dr. E. V. L. Brown about it. He 
did not see the patient until the diplopia had passed 
away. He says there is such a thing as monocular 
diplopia, to which one may add triplopia due to involve- 
ment of the sixth nerve. 


Influence of Estrogen and Androgen on the 
Chemical Constituents of the Brain. Dr. 
ARTHUR WEIL. 


: Three years ago attempts to determine chemical dif- 
lerences in the lipid composition of the brain of the 
male and of the female white rat were reported on 
before this society (Influence of Thyroid and Sex 
Glands on the Chemical Constitution of the Brain, 
Arco. Nevror. & Psycurat. 46:547 [Sept.] 1941). 
It could be demonstrated then that at a given age 
(170 days) the phosphorus content of the alcoholic brain 
extracts, expressed as a percentage of the extract, was 


higher in the brain of the female rat than in that of 
the male rat. Further investigations disclosed that for 
young animals before puberty these values were about 
the same (2.70 per cent) for the two sexes; however, 
the decrease to the adult level, which begins approxi- 
mately at the time of sexual maturity, occurred more 
abruptly in the male brain. 

An analysis of the different lipid fractions suggested 
that this difference in phosphorus content was due to 
an increase of the phosphorus content of the cephalin 
fraction of the female brain (The Chemical Growth of 
the Brain of the White Rat and Its Relation to Sex, 
Growth 7:257, 1943). Later I demonstrated, with 
Liebert (The Correlation Between Sex and Chemical 
Constitution of the Human Brain, Quart. Bull.,, North- 
western Univ. M. School 17:117, 1943) that similar 
sexual differences existed in the human brain. 

The final proof that such differences are due to hor- 
monal influences, and not to chromosomal determina- 
tion alone, was furnished by experimental injection of 
estrogen and androgen into normal and into gonadec- 
tomized rats. If the homologous glandular substance 
was injected into young rats before maturity, no effect 
on the chemical constituents of the brain could be ob- 
served. Injections of androsterone into young female 
rats (25 days old), however, produced the chemical 
characteristics of a male brain and, vice versa, the 
young male brain was transformed chemically into a 
female brain by injection of estrogen. Injections after 
puberty did not produce such clearcut reversals. Re- 
moval of the gonads before puberty, however, followed 
by injections of a preparation containing the hormone 
of the opposite sex, gave transformations similar to 
those produced in normal, immature animals. The ac- 
companying tabulation illustrates these results. White 
rats about 60 days old were given injections for seventy 
days. 


Alcoholic Cephalin 
Extract Fraction 
Body’ Brain % of Io % of %o 
Weight, Weight, Dry Phos- Precipi- Phos- 
Animal Gm. Mg. Brain phorus tate phorus 
Male....... 352 1,880 31.8 2.21 45.1 2.28 
Female.... 223 1,795 32.2 2.35 53.4 2.43 
Castrate, 
given 
estrogen * 275 1,865 30.7 2.23 43.0 2.45 
Spayed 
given 
androgen* 294 1,805 32.9 2.22 46.4 2.21 


*The estrogen given was estradiol benzoate; the androgen 
used was testosterone propionate. Both substances were sup- 
plied by Ciba Pharmaceutical Products, Ine. 


Parasympathetic Regulation of High Potentials 
in the Electroencephalogram. Dr. CHESTER W. 
Darrow and Dr. WarreN S. McCuttocn and (by 
invitation) Dr. Jonn R. Green, Dr. Epwarp W. 
Davis and Dr. HucH W. GAROL. 


The tendency for high potential slow waves appear- 
ing in the electroencephalogram during hyperventilation 
to be attended by an increase in heart rate suggested 
that the same autonomic mechanism might influence 
both -the heart and the brain. It followed that if 
inhibition of vagal (parasympathetic) activity was the 
cause of the cardiac acceleration, section of parasym- 
pathetic pathways to the brain should increase high 
potential slow waves during hyperventilation. 

Cats were operated on under ether anesthesia and 
then given beta erythroidine with artificial respiration. 
The parasympathetic pathways over the facial nerve, 
the geniculate ganglion and the greater superficial pet- 
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rosal and internal carotid nerves were interrupted by 
section of the facial or the greater superficial petrosal 
nerve. Two minute periods of hyperventilation, which 
had no effect on the electroencephalogram before sec- 
tion of the nerve, produced high potential slow waves 
after the nerve on one or on both sides was cut. Stim- 
ulation of the peripheral stumps of the nerves elim- 
inated the slow waves. Intravenous administration of 
physostigmine likewise reduced or eliminated these 
waves, and atropine increased them. Potentials re- 
corded from the greater superficial petrosal nerve were 
in part of the type shown by other investigators to 
occur during autonomic regulation by the carotid sinus. 

The presence of a parasympathetic cholinergic mecha- 
nism which counteracts the spasmodic effects of hypo- 
capnia on the cerebral blood vessels seems to be 
indicated. 

DISCUSSION 

Dr. WarrEN S. McCuttocn: Dr. Darrow com- 
mandeered one after another of the residents in brain 
surgery, and as each went to war, he took the next 
one. He and they did the work. This problem was 
a puzzling one. I had had an entirely different inter- 
pretation of the phenomenon in question, and I was 
more surprised than any one else at the outcome. 

The principal place I filled was that of a “Doubting 
Thomas.” My only contribution to the research was 
to insist that Dr. Darrow and his assistants actually 
demonstrate that the action potentials of the great super- 
ficial petrosal nerve diminished or disappeared prior to 
or during the appearance of the large slow brain waves 
induced by hyperventilation. This they did under my 
eyes. That, and only that, satisfied me as to the 
validity of the results. 

But the society has a guest who knows far more 
about electroencephalograms than a tyro like me; I 
hope that Dr. Gibbs will have something to say about 
these observations. 


Dr. Frepertc A. Gress: Dr. Darrow’s recent paper 
(Am. J. Physiol. 140:583 [Jan.] 1944) gave a hint of 
the extraordinarily interesting observations that he has 
reported here. Therefore, although his results differ 
from those which my own work would have led me 
to expect, I am neither shocked nor unduly surprised. 
Perhaps it is a kindness that he has not emphasized 
the extent of this divergence. My co-workers and I 
have considered the carbon dioxide level in the brain 
one of the primary determinants of cortical frequency, 
whereas Dr. Darrow is able to explain the slowing 
that he obtains without much regard to this factor. 

Dr. Lennox, Mrs. Gibbs and I have reported that 
the cerebral carbon dioxide tension, which we believe 
is of crucial importance to cortical function, is pro- 
tected by a homeostatic mechanism that in most normal 
persons is extraordinarily competent. This mechanism 
is based on the response of the cerebral blood vessels 
to variations in carbon dioxide content. When a person 
hyperventilates, the arterial carbon dioxide drops pre- 


~ cipitously, but there is not a corresponding drop in 


cerebral carbon dioxide, as indicated by blood retyrp. 
ing from the brain; cerebral blood vessels constrict 
when the arterial carbon dioxide falls, with the result 
that the carbon dioxide produced by the brain accumy. 
lates and compensates for the drop in carbon dioxide 
in the arterial stream. It appears that when this 
mechanism is competent, overventilation does not ordj- 
narily result in the extreme slowing of cortical poten. 
tials with an associated increase in amplitude which 
we have referred to as a “big build-up.” On the other 
hand, when this homeostatic mechanism is defective, 
that is, when the cerebral blood vessels do not constrict 
adequately, a notable build-up tends to occur. There. 
fore, the crucial factor under these circumstances 
appears to be the competence of the cerebral vasocon- 
strictor mechanism. However, Dr. Darrow reports that 
by interfering with this constriction and by favoring 
cerebral vasodilation he prevents the occurrence of a 
great build-up. As stated before, this is exactly the 
opposite of what we should have expected. 

Dr. Darrow’s results are of the greatest interest, 
They require that we scrutinize our own results and 
conduct further experiments. The question involved js 
of more than academic interest. High voltage slow 
waves are commonly precipitated by overventilation in 
epileptic patients, and it is likely that this response js 
closely related to the pathologic physiology of the 
convulsive disorders. 


Dr. CHEesTER Darrow: In reply to Dr. Gibbs, I 
do not believe there is real conflict between our results 
and the beautiful demonstration by him and his col- 
laborators that slow waves during hyperventilation may 
be due to deficient homeostatic regulation of the carbon 
dioxide level in the brain. In fact, in experiments 
which led up to the present one we found that the fall 
in blood pressure associated with hyperventilation might 
provide sufficient regulation of blood flow, and conse- 
quently of cerebral carbon dioxide, to prevent change 
in the electroencephalogram. Increased alpha potential 
and, presumably, cerebral vasoconstriction might occur 
when the blood pressure stopped falling, but high po- 
tential slow waves did not appear unless there was 
also pronounced cardiac acceleration. Only if there was 
a notable increase of heart rate, suggestive of inhibi- 
tion of parasympathetic activity, did we generally find 
high potential slow waves due to hyperventilation. 
Thus our results, like those of Dr. Gibbs, suggest that 
effective regulation of the cerebral carbon dioxide con- 
tent, whether by decrease in blood pressure or by 
cerebral vasoconstriction, is not accompanied by high 
potential slow waves. Results of the present experi- 
ment indicate that the combination of low carbon dioxide 
and reduced supply of cholinergic substances is the 
condition most provocative of such waves. It is likely 
that homeostatic vasoconstrictor regulation of the cere- 
bral blood flow by carbon dioxide is most uniform and 
effective when acetylcholine is present to prevent local, 
spasmodic and excessive effects of hypocapnia. 
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Book Reviews 


Recent Advances in Psychiatry. Special number of 
the Journal of Mental Science, published by authority 
of the Royal Medico-Psychological Association, 
January 1944. Volume 40. Price, 30 shillings. Pp. 
509. London, J. & A. Churchill, Ltd. 


This special number of the Journal of Mental Science 
is devoted to recent progress in psychiatry. An intro- 
duction by G. W. T. H. Fleming, managing editor, 
indicates that it is about fifteen years since Henry 
Devine issued his “Recent Advances in Psychiatry.” 
The review covered in this volume is confined to work 
published during the five year period from 1938 to 1942, 
and in some instances the first half of 1943. 

The authors hope to make this review a quinquennial 
publication. There are excellent surveys on problems 
of mental health services, genetics, anatomy of the 
nervous system, physiologic psychology and electro- 
encephalography. A section is devoted to biochemistry 
of the nervous system, written by Derek Richter. Other 
reviews are concerned with vitamin deficiency and the 
psychoses, neuroendocrine relationships, mental testing, 
psychopathology and neuropathology. 

W. Mayer-Gross and Norman P. Moore have written 
an excellent review of the problem of schizophrenia. 
Aubrey Lewis gives a commendable survey of the 
problem of depression. Psychopathic personality is con- 
sidered in a separate chapter by Curran and Mallinson. 
W. H. Gillespie brings the problems of the psycho- 
neuroses up to date, and H. Crichton-Miller and Grace 
Nicolle have a useful review of psychotherapy. Other 
chapters are devoted to arteriosclerotic, senile and pre- 
senile psychoses, the psychiatric aspects of head injury, 
neurosyphilis, mental deficiency and child psychiatry. 
Convulsion therapy, prefrontal leukotomy and insulin 
therapy are given exhaustive consideration, and W. 
Norwood East and P. K. McCowan each have an ex- 
cellent chapter on delinquency and crime and the legal 
aspects of psychiatry respectively. 

This volume is a timely review, much needed and 
well done, and each chapter has an excellent bibli- 
ography for purposes of reference. The book is highly 
recommended, and one hopes that the publication of 
such reviews will be continued in the present, useful 
form. 


Personality and the Behavior Disorders: A Hand- 
book Based on Experimental and Clinical Re- 
search. Edited by J. McV. Hunt, Associate Pro- 
fessor of Psychology, Brown University. Price, $10. 
Volumes I and II. Pp. 618; 619-1242, with illus- 
trations. New York: The Ronald Press Co., 1944. 


These two volumes are the best collection of articles 
yet published on personality and behavior disorders. 
The editor indicates that the study of personality and 
its development must draw heavily on all of the biologic 
sciences. These books bring together the work of forty 
contributors, to give the major theories, facts and 
clinical experiences from the sciences relating to de- 
velopment of personality. As a result of the growing 
importance of the work of Galton, Freud, Pavlov and 
others, many scientific data have been accumulated in 
this field. Each chapter is written by an expert, and 
there is a minimal amount of technical jargon. 

Volume I contains chapters on theoretic approaches 
to personality, dynamic theories of personality, methods 


of assessing personality, behavior dynamics and biologic 
and organic determinants of personality. Volume II is 
concerned with experimental and sociologic determinants 
of personality. Sections are devoted to outstanding 
patterns of behavior disorders and to investigate corre- 
lates of behavior disorders, and a closing section is 
concerned with therapy and the prevention of behavior 
disorders. 

Many sections are excellent—for example, “The Phy- 
siological Effects of Emotional Tension,” by Leon J. 
Saul; “Experimental Analysis of Psychoanalytic Phe- 
nomena,” by Robert Sears; “The Conditioned Reflex 
Method and Experimental Neurosis,” by H. S. Liddell, 
and “Experimental Studies of Conflict,” by Neil E. 
Miller. William H. Sheldon contributes an excellent 
chapter on “Constitutional Factors of Personality.” 
Nathan W. Shack has a first class chapter on “Physio- 
logical Effects in Behavior,” and Stanley Cobb writes 
the excellent chapter entitled “Personality as Affected 
by Lesions of the Brain.” Each of these men is an 
expert in his respective field, and the presentation is 
clear, concise and to the point. 

Volume II continues with an excellent chapter by 
Margaret Ribbel on “Infantile Experience in Relation 
to Personality Development,” a chapter by Gregory 
3ateson on “Cultural Determinants of Personality” and 
a section by Leo Kanner on “Behavior Disorders of 
Childhood.” Lawson Lowrey wrote the section entitled 
“Delinquent and Criminal Personalities.” Warren 
Stearns covers the problem of unit personalities in the 
military services in a timely, well written article. The 
psychoneuroses are discussed by William Malamud and 
the functional psychoses by Norman Cameron. Paul 
W. Prue is the author of the chapter “Psychopathic 
Personalities,” and William G. Lennox discusses seizure 
states. The editor, J. McV. Hunt, writes the chapter 
“Psychological Deficit,” and Kenneth Appel and George 
S. Stevenson contribute to the section “Therapy and 
the Prevention of Behavior Disorders.” 

These contributions attempt to correlate the many 
aspects of behavior disorders. They fill a long-standing 
want in the field of psychology and its relations to clinical 
psychiatry. More validated studies of normal person- 
ality function are needed in order better to evaluate 
clinical problems. It is apparent that much useful in- 
formation can come from careful study of man and 
infrahuman forms in the uncovering of the dynamic laws 
of personality development. 

This work is a truly collaborative product and is 
highly recommended as one of the most useful sym- 
posiums on this subject. It should be read by every 
psychologist, sociologist and neuropsychiatrist. 


The Origin and Function of Culture. By Géza 
Roheim, Ph.D. Nervous and Mental Disease Mono- 
graph Series, No. 69. Price, $2.50. Pp. 103. New 
York: Nervous and Mental Disease Monographs, 
1944. 


Réheim discusses his subject from a strictly freudian 
point of view. He carefully indicates in the foreword 
that he is cognizant of the many other theories of the 
origin of culture and civilization but that he is present- 
ing his explanation from the point of view of Eros. 

Roéheim delineates the role that prolongation of im- 
maturity in human beings plays in the development of 
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culture. He refers freely to his previous work in the 
field. He portrays the role of the medicine man in 
primitive society. The latter is frequently a psychotic 
or neurotic person, but one who has the capacity to 
utilize his peculiarities in such a way that he becomes 
a leader of his group. In addition, the author reports 
various libidinal situations that exist in certain primitive 
societies and traces their manifestations in the rituals, 
totems and taboos of the adults. He shows the direct 
relation of certain patterns of behavior in the group to 
libidinal situations created in the childhood of the mem- 
bers of these primitive societies. He briefly reviews 
the beginnings of the basic developments of civilization, 
such as agriculture. As an introduction to psychologic 
relations in primitive cultures the book is highly recom- 
mended. The reader should be aware that the book is 
not a volume of reference, but a brief presentation of 
the author’s views and theories. 


Manual of Psychological Medicine for Practi- 
tioners and Students. A. F. Tredgold. Price, $5. 
Pp. xi, plus 298. Baltimore: Williams & Wilkins 
Co., 1943. 


The author of this volume is consulting physician to 
University College, London, and lecturer on mental de- 
ficiency at the London University. In his preface he 
states that the book is written because of the present 
need of general practitioners and students for informa- 
tion on psychiatric medicine. His desire is to create “a 
reasonably short, plain and practical account giving the 
essentials of this branch of medicine which would fill a 
very real wartime need.” In this aim he has accom- 
plished his purpose, for, in 298 pages, he has covered 
many of the essentials in the knowledge of practical 
psychiatry. The author has set down, both clearly and 
concisely, his concept of psychologic medicine in its 
entirety. 


ARCHIVES OF NEUROLOGY 


tion of primary mental decay. 


AND PSYCHIATRY 
The usefulness of this book, however, is questionable 
Like most compendiums, it covers too much 
and too superficially. In the introduction, in which fy 
discusses the “normal mind,” theories of developmeg 
and the darwinian concept of evolution are explained jg 
elementary detail. The chapters dealing with the clagg. 
fication of “mental abnormality” and with general symp- 
tomatology are difficult to follow because there is mo 
apparent theory behind the various classifications. Epj. 
lepsy is discussed under the heading of psychoneurosis, 
and Gowers is cited at great length, without any supple. 
ment from more recent work on either the neurophysj. 
ology or the clinical classifications of epilepsy. Simi. 
larly, in discussion of the major psychoses, one finds the 
concepts of Kraepelin and Bleuler, without mention of | 
later investigators. The author differentiates sharply | 
between the psychopathology of schizophrenia, a chronic | 
hallucinatory psychosis, and dementia precox, a condi. 


Only 13 pages is devoted to therapy in any form, the 
major part of which is concerned with occupation 
therapy. Psychoanalysis is dealt with in 2 pages, in 
which the author’s concept of the theories of Freud js 
set down and in which the results of psychoanalysis 
are stated to be questionable, impracticable and at times 
dangerous. 

Finally, the major emphasis in the book is on the 
definitions of various forms of mental disease as desig. 
nated by British law, and the various methods of com 
mitment in England, neither of which can be of any 
thing but academic interest to medical practitioners out- 
side that country. To this reviewer, the book seems to 
contain an adequate presentation of the status of psy- 
chiatric practice several decades ago, and hence to bk 
dangerous reading for the medical practitioner of today 
because of its omission of much that is at present 
important in the diagnosis and treatment of mental 
disease. 


News and 


DIRECTORY OF MEDICAL SPECIALISTS 
CERTIFIED BY AMERICAN BOARDS 
1945. PUBLISHED BY THE ADVI- 
SORY BOARD FOR MEDICAL 
SPECIALTIES 


The biographic data of the first two editions of the 
“Directory of Medical Specialists” included only posi- 
tions (internships, residencies or assistantships) held 
during the course of training of men up to the time of 
their certification by the American Boards, and positions 
on hospital and medical school staffs then currently held. 

It is desired to extend these data in the third edition 
to include all formal appointments to hospitals and 
medical schools, with dates for which they were held, 
even though the appointee has now resigned, as well as 
records of all military service, including commissions 
and dates, whether in World War I, in the reserve 
forces in peacetime or in the present war. 

Thus, a chronologically complete sketch of the entire 
career of a certified specialist is to be included in this 
third edition of the “Directory.” 

Membership or fellowship in national or sectional 
(not local) special societies and national general so- 
cieties, with offices held and dates, should be reported. 

Membership in recognized international medical so- 
cieties may be included, but honorary or other member- 
ship in foreign medical societies should not be reported. 


Comment 


The certificate may refer to the second edition (1942) 
of the “Directory” for lists of medical societies to be 
included in his biographic sketch. 

Families or secretaries of men absent in military 
service are asked to complete or correct previous listings 
or to prepare new forms now being mailed to physicians 
eligible for inclusion in the “Directory.” Only persons 
certified by an official American Board can be included, 
and there is no charge for this listing. 

This notice is published in response to many inquiries 
to assist physicians certified by the American Boards 


who are now engaged in correcting their previous list 
ings or in preparing new sketches for the third edition | 
of the “Directory,” to be published early in 1945. 

Communications should be addressed to the Directory | 
of Medical Specialists, 919 North Michigan Avenue, | 
Chicago 11. 


NEW SOCIETY IN HABANA 


The Sociedad Cubana de Neurologia y Psiquiatfia| 
has been founded in Habana. The officers for this 
year are as follows: president, Dr. Rodolfo J. Guiral; 
first vice president, Dr. Jestis Cornide; second vit 
president, Dr. Julio Reymondez; secretary, Dr. José A 
Bustamante; vice secretary, Dr. Oscar Sagredd; 
treasurer, Dr. Luis Muniz Angulo; vice treasufeéf, 
Dr. Rafael Larragoiti. 
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